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TYPE 1862-B MEGOHMMETER 


The Type 1862-B Megohmmeter is designed to indicate directly on the 
panel meter the resistance value of any resistor within the range of 0.5 to 
2,000,000 megohms. The voltage applied to the unknown resistance is 500 volts 
within 10 volts,or 50 volts within 4 volts. 


SECTION 1.0 OPERATING CONTROLS AND PROCEDURE 


1.1 CAUTION - DANGER 


When the instrument is on, there is a potential of 500 volts at the termi- 
nals except when the MULTIPLIER switch is set to CHECK or DISCHARGE or 
when the panel switch is at 50 volts. 


1.2 POWER SUPPLY 


The instrument is supplied complete, with tubes installed, and is ready 
for operation. 


The power-line voltage and frequency are indicated on the panel label 
near the power input cable. The voltage is either 115 volts or 230 volts. To 
change from one input voltage to the other, see Paragraph 2.1 below. 

1.3 VOLTAGE AT UNKNOWN 


The voltage applied to the unknown is either 50 volts or 500 volts as se- 
lected by means of a panel switch. A neon lamp warns when 500-volt operation 
has been selected. 


1.4 CONNECTIONS OF UNKNOWN 


Strap the ground terminal to the GUARD terminal or to the adajacent UN- 
KNOWN terminal. 


With the MULTIPLIER switch at DISCHARGE, the meter should read oo 
(full counter-clockwise position of the meter pointer). If it does not, adjust the 


GENERAL RADIO COMPANY 


Rx 


[7 "> art Gi ankinown Ge [iid er 


Ry 


Figure 3. Operating position of multiplier. 
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SET co control to obtain anoo reading of the meter. As the MULTIPLIER switch 
is turned to the operating positions, the meter should continue to readcoo. If 
it does not, see paragraph 2.3 below. 


For a discussion of the CHECK position and of the GUARD and ground 
terminals, see Section 2.0 below. 


The instrument is designed for operation with the panel in a horizontal 
position. 


1.5 RESISTANCE INDICATION 


With the MULTIPLIER switch at DISCHARGE, connect the unknown re- 
sistance to the UNKNOWN terminals. Move the MULTIPLIER switch to the 
“1” position. If the meter indicates beyond full scale (0.5), the resistance is 
less than 0.5 megohm and cannot be measured with this instrument. Return the 
MULTIPLIER switch to the DISCHARGE position immediately. If the meter in- 
dicates on scale, select the MULTIPLIER position that yields a meter reading 
between 0.5 and 5. 


The resistance value is the product of the meter reading and of the MUL- 
TIPLIER setting. Read the MULTIPLIER positions indicated in white numerals 
when the operating voltage selected is 50 volts; read the positions indicated in 
red numerals when 500 volts has been selected. 


CAUTION: Return the MULTIPLIER to the DISCHARGE position before 
attempting to disconnect the resistor from the UNKNOWN terminals. 


SECTION 2.0 SECONDARY CONTROLS AND PROCEDURE 


2.1 POWER SUPPLY 


The power-line frequency range is 40 to 60 cycles. The voltage is either 
115 volts or 230 volts. If it is desired to change from one input voltage to 
another, change the power transformer connections as shown on the wiring 
diagram, reverse the power-line label (near the power input cable) to indicate 
the proper line voltage and change the fuses (on the panel) to the proper rating 
(0.4 ampere Slo-Blo 3AG fuses for 115-volt operation and 0.2 ampere Slo-Blo 
3AG fuses for 230-volt operation). For access to the power transformer con- 
nections, remove the instrument from its cabinet. 


2:2 TERMINALS 


In addition to the insulated terminals to which the UNKNOWN resistance 
is connected, there is an insulated terminal labeled GUARD and an uninsulated 
ground terminal which is connected to the panel and which includes a strap for 
grounding either the GUARD terminal or the adjacent (positive) UNKNOWN ter- 
minal. In the operating positions of the MULTIPLIER switch, there is a poten- 
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tial of 500 volts (or 50 volts) between the GUARD terminal and the positive UN- 
KNOWN terminal. Therefore, do not ever connect these two terminals together. 


For most applications, strap the ground terminal to the adjacent UN- 
KNOWN terminal. The polarity at this terminal is positive and is so indicated. 


If the unknown resistor is a three-terminal type, it can be measured by 
connecting the third terminal to GUARD and by grounding the GUARD terminal 
or the positive UNKNOWN terminal, as shown in Figure 4 and Figure 5, provided 
that the resistances of the second and third resistors in the network are suffi- 
ciently large. Rp is connected directly across the internal standard, Rs, and. 
must be at least one hundred times as large as Rg. At 500-volt operation, Rg 
is 2 kQ times the MULTIPLIER setting (red numerals). At 50-volt operation, 
it is 20 kQ times the MULTIPLIER setting (white numerals). Rc is connected 
directly across the internal power supply and must be at least one megohm for 
500-volt operation and at least ten megohms for 50-volt operation. 


CAUTION: Do not maintain a short-circuit at the UNKNOWN terminals. 
While a momentary short-circuit will do no damage, a prolonged short-circuit 
at the two lower ranges can draw excessive current from the high-voltage 
power supply and will shorten the life of the rectifier and regulator tubes (V-4 
and V-5). At the higher multiplier ranges (100, 1000, 10,000 and 100,000), for 
500-volt operation, the short-circuit current is 2500, 250, 25, and 2.5 ya, re- 
spectively, and will do no harm. At all ranges, the panel meter current at 
short-circuit condition is about 500 wa. The normal full-scale rating is 200 pa. 


2.3 CHECK AND DISCHARGE POSITIONS 
With the MULTIPLIER switch in either of these positions, there is no 
voltage at any of the terminals; in the DISCHARGE position, the UNKNOWN 


terminals are shunted with a 2-watt, 5.1 kQ resistor (R-2). 


With the switch at DISCHARGE, the meter should indicate © . If it does 
not, adjust the SET ©° control. 
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Figure 4. Connections for measuring Figure 5. Connections for measuring 
ungrounded three-terminal resistor. grounded three-terminal resistor. 
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As the MULTIPLIER switch is rotated through the operating pusitions, 
the meter will continue to indicate © if nothing is connected to the UNKNOWN 
terminals. If there is a meter indication at the next-highest setting, this can 
be caused by leakage or by grid current in the voltmeter tube (V-1). Leakage 
due to moisture or dirt can be eliminated by wiping the UNKNOWN terminals 
with a clean dry cloth. Grid-current effects can occur when V-1 has been re- 
placed with a new tube or when the instrument has not been used for some time. 
The grid-current effect will be eliminated or reduced to a negligible value (a 
meter reading that is less than halfway between ©9 and 20 is considered negli- 
gible) by leaving the instrument on for a short while. (See 3.0 under Service 
and Maintenance Notes.) If there is no meter indication at the lower multiplier 
settings, but an indication appears at the highest setting, reset to ©O by adjusting 
the screw-driver control accessible through a small panel hole just above the 
SET Co knob. 


When the MULTIPLIER is set to the CHECK position and the voltage switch 
is at 500 volts, an internal resistance standard is connected in circuit. The 
meter should read 0.5. If it does not, readjust the CHECK control knob. 


2.4 FIVE-HUNDRED-VOLT SUPPLY 


In the 500-volt operating position, there is a potential of 500 volts be- 
tween the positive UNKNOWN terminal and the GUARD terminal. If, because of 
tube changes or any other reason, this voltage, as measured by a voltmeter of 
at least 1 MQ resistance, is found to be incorrect, it can be adjusted by setting 
the screw-driver control accessible through a small panel hole just above the 
CHECK control knob. If this screw-driver control is reset, the megohmmeter 
calibration must be standardized by again setting the MULTIPLIER to CHECK 
and obtaining a 0.5 (or CHK) reading on the meter, readjusting the CHECK 
control knob if need be. 


2.5 FIFTY-VOLT SUPPLY 


After the 500-volt supply has been standardized as described above, the 
50-volt supply can be checked and adjusted if necessary. For the 50-volt oper- 
ating position, there must be a potential of 51 volts between the positive UN - 
KNOWN terminal and the GUARD terminal when measured with a meter of 10 
megohms or more resistance (49.7 volts with a one-megohm meter). If the 
voltage is not correct, it can be adjusted by resetting, with a screw-driver, the 
voltage divider mounted inside the instrument on the left-hand side of the shelf 
(R-35). 


2.6 RESISTANCE OF CAPACITORS 
The leakage resistance of capacitors is measured in exactly the same 
manner as the resistance of resistors except that the charge- and discharge- 


currents involved require some precaution. 


2.61 Always short-circuit the capacitor for several seconds before con- 
necting to the megohmmeter, to assure that it has no dangerous residual charge. 
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2.62 Always start the MULTIPLIER at the DISCHARGE position. 


2.63 Always set the MULTIPLIER at the “1” position for a few seconds to 
assure rapid charge of the capacitor. To prevent damage to the meter, do not 
set the MULTIPLIER to higher values until the capacitor is well charged. 


2.64 When the measurement has beencompleted, discharge the capacitor by 
setting the MULTIPLIER to DISCHARGE for several seconds before discon- 
necting the capacitor. In the DISCHARGE position, the capacitor is discharged 
by the 5.1-kQ, 2-watt resistor (R-2) which appears in shunt at the UNKNOWN 
terminals. 


2.7 CHARGING TIME 


Since the panel meter reading of the megohmmeter depends on the cur- 
rent through the unknown resistor, the leakage resistance of a capacitor or of 
an insulator cannot be correctly indicated until the charging current due to the 
capacitative component is negligible. 


When the capacitor has very little dielectric absorption, the charging cur- 
rent is limited mainly by the resistance standard in the megohmmeter. In the 
lowest multiplier position, this resistance is 2000 ohms and for even large ca- 
pacitance values the charging time is relatively small, being of the order of 
one second per hundred microfarads. 


Many capacitors and most insulators (especially those of laminated struc- 
ture) exhibit appreciable dielectric absorption (dipole and interfacial polariza- 
tion). When a voltage is applied, the charge slowly diffuses throughout the vol- 
ume and it may require minutes or hours (even days in some special cases) 
before equilibrium is established and the charging current is small compared 
to the true leakage current. 


2.8 INSULATION TESTING 


In testing the insulation of electrical machinery, transformers, etc., while 
the leakage resistance is important, it is only one of several parameters that 
have a bearing on the condition of the insulation. Routine measurements of 
capacitance and dissipation factor aswell as leakage resistance provide useful 
data in monitoring the condition of the insulator and in guarding against in- 
cipient breakdown. 


A routine test that has been fairly widely adopted in the insulation-testing 
field consists of measuring the apparent leakage resistance after a testing 
voltage of 500 volts has been applied for one minute and again for ten minutes. 
The ratio of the indicated resistances, sometimes referred to as the polariza- 
tion index, can have some relation to the condition of the insulator. The results 
of course are really a measure of the charging current at the two time intervals 
and can be much more dependent on the dielectric absorption of the insulator 
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than on its true leakage resistance. To extend the usefulness of such informa- 
tion, complete charge-current vs. time data should be obtained. 


The Type 1862-B Megohmmeter is useful in measuring the true leakage 
resistance by the method outlined in Paragraph 2.6 above and in measuring the 
apparent leakage at the end of one-minute and ten-minute intervals. 


The resistance in series with the insulator during the charging period 
is determined by the setting of the MULTIPLIER control; it is the product of 
the red MULTIPLIER reading and 2000 ohms when the applied voltage is 500 
volts. 


The charge current is easily measured when the meter is on scale; the 
charge current is the applied voltage divided by the apparent resistance at any 
moment; the meter will be off scale at the start of the charge-current vs. time 
characteristic. 


2.9 TEST LEADS AND ACCESSORIES 


Two rubber-covered test leads, one red and one black, are supplied. 
Each is 36 inches long and has a banana plug at one end and an alligator clip. 
at the other. Although these test leads are adequate over most of the resis- 
tance-range, measurements of very high resistance may require shorter leads 
or even shielded leads, depending on the physical size of the component under 
test and on the ambient field conditions. 


There is capacitance from the high UNKNOWN lead to ground, to the 
other lead, and even to the operator. If the lead is suddenly displaced or ifthe 
operator waves his hand in the vicinity of the lead, the resultant capacitance 
change will be accompanied by a momentary fluctuation in the meter reading. 


CAUTION 


When using the test leads, remember that 
there can be 500 volts between them. 


3.0 SHOCK HAZARD 


Every precaution has been taken in the design of the Type 1862-B Megohm- 
meter to reduce the possibility of shock. However, the operator should be 
aware of the dangers involved because of the high voltages present. The re- 
sistance to current depends, of course, on humidity conditions. From arm to 
arm, leg to arm, leg to leg, it can be as low as 300 ohms but under some cir- 
cumstances it can be as high as one megohm. At low voltages, the skin offers 
a fair protection but at higher voltages, the skin is burned, its resistance is low- 
ered and the low internal body resistance is controlling. 


1 «The Basis for the Nondestructive Testing of Insulation,” R.F. Field, AIEE 
Transactions, September, 1941. “Interpretation of Current-Time Curves as 
Applied to Insulation Testing,” R.F. Field, Boston District Meeting AIEE, 
April 19-20, 1944. 
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When the MULTIPLIER switch of the Type 1862-B Megohmmeter is in an 
operating position, touching the two UNKNOWN terminals with one finger is 
painful and can cause a slight burn. The amount of direct current that will flow, 
at 500-volt operation, for various values of “body” resistance connected from 
the GUARD terminal to the positive UNKNOWN terminal is shown plotted in 
Figure 6. Currents due to connection to the UNKNOWN terminals will always 
be less; the value depends on the setting of the MULTIPLIER switch. See CAU- 
TION under Paragraph 2.2. Since the lethal value depends on the individual and 
on humidity conditions, extreme caution must be observed at all times. 
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When a large capacitor is connected to the UNKNOWN terminals, it should 
be treated with great caution because there can be 500 volts at its terminals 
and it may have no appreciable inherent current-limiting series resistance. 
The current that will flow through the body upon connecting the “body resis- 
tance” to its terminals will at first be very great and the speed with which the 
current is damped depends on the capacitance as well as the resistance. A 
current-limiting resistor of one megohm should be connected as near to the 
capacitor as possible. Current decay curves for various values of capacitance 
and of “body resistance” are shown in Figure 7. 


3.1 VOLTAGE COEFFICIENT OF RESISTORS 


The resistance of some small resistors and of many insulators is affected 
by the voltage applied. A voltage coefficient of -0.05 percent per volt is not un- 
usual. At 500 volts, if the coefficient is -0.05 percent, the resistance will be 
lower than its “zero volts” value by 25 percent. If the unknown is measured at 
500 volts and then at 50 volts, the voltage coefficient of resistance can be cal- 
culated. 


3.2 RESISTANCE AT OTHER VOLTAGES ACROSS UNKNOWN 


If an adjustable power supply (such as the General Radio Type 1204-B 
Unit Variable Power Supply) and an accurate d-c voltmeter are available, they 
can be used with the Type 1862-B Megohmmeter to measure resistance with 
any value less than 500 volts applied to the unknown. 


The procedure is as follows: Remove V-4 and V-5 (2X2-A and 6AB4) to 
disconnect the internal 500-volt supply. Set the voltage selector switch to 500 
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Figure 7. Discharge currents for 500 volts at charge. 
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Figure 8. Correction when using external supply. See text. 
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volts. Connect the external supply (with the external voltmeter across it) to 
the GUARD (minus) and the positive UNKNOWN terminals. 


CAUTION: Do not set to CHECK or DISCHARGE since the power supply 
will be shorted under these conditions. 


Set the external supply to the desired voltage. The resistance of the un- 
known is then measured in the normal manner using the 500-volt MULTIPLIER 
readings (red engraving). The resistance of the unknown is 


where E is the voltage from the external supply and M is the resistance indi— 
cated by the megohmmeter. If the external voltage is less than 100 volts, the 
calculated resistance must be reduced by the amount indicated in Figure 8. 


SERVICE AND MAINTENANCE NOTES 


1.0 INSTRUMENT IN CABINET 


1.1 At 115-volt (or 230-volt) line, the power input is about 25 watts. 
1.2 Fuses and pilot light are accessible from the panel. 


2.0 INSTRUMENT OUT OF CABINET 


2.1 All tubes and components are accessible. 

2.2 Note that the shaft of the selector switch (S-1) and the switch-mounting 
screws can be 500 volts above ground. The switch is mounted on a black phe- 
nolic plate and the control-knob (MULTIPLIER) set-screw holes are plugged 
with wax. 


3.0 GRID CURRENT 


To test for grid current (see 2.3 of Operating Instructions) at 500-volt 
operation, set to the “1” multiplier and obtain an “CO” meter reading, then set 
to the “10,000” multiplier and obtain a meter reading that is less than halfway 
between co and 20. A meter reading greater than this indicates excessive grid 
current or leakage. Leakage is eliminated by cleaning the terminals. Grid cur- 
rent may be excessive if the instrument has not been used for some time; nor- 
mal operation for ten minutes will reduce the grid current satisfactorily. Grid 
current may also be excessive if the tube (V-1) has been replaced. 


If the tube has been replaced and grid current is excessive even after 
several minutes of operation, age the tube by leaving the power on for several 
hours (at least eight). When the indicated grid current is satisfactorily low 
for the 10,000 multiplier, set to the 100,000 multiplier and obtain an 00 meter 
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reading by adjusting the screw-driver control accessible through a small panel 
hole just above the SET oo knob. 


4.0 METER FLUCTUATIONS 


If the line voltage is erratic or fluctuates seriously, the meter reading 
will also fluctuate when mee2suring the leakage of capacitors unless the 500- 
volt supply is very well stabilized. The potentiometer, R-33, has been set for 
almost perfect stabilization. If, however, V-6 or V-7 or particularly V-4 have 
been replaced, it may be necessary to readjust R-33. This is important o ae 
for capacitance leakage measurements. The procedure is simple. A Variac 
or other means is used to vary the line voltage and R-33 (mounted on the shelf, 
under the meter) is adjusted for negligible meter variation when the UNKNOWN 
is a capacitor, (e.g., a mica 10,000 uf with resistance indication on the high- 
est multiplier range). 


5.0 VACUUM-TUBE DATA 


The following table gives tube-socket voltages measured from socket pin 
to ground. The data were obtained with the instrument operating under the fol- 
lowing conditions: 115-volts, 60-cycle line, ground terminal strapped to GUARD 
terminal, MULTIPLIER switch at “1”, voltage switch at 500, CHECK control full 
counter-clockwise, SET © control at about the middle of its range. 


The d-c voltages were measured with a 20,000-ohm-per-volt instrument 
whose full-scale ranges were 10 volts, 50 volts, 250 volts, and 1000 volts. D-C 
voltages can be expected to vary +20%. Tabulated voltages are dc. 
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SPECIFICATIONS 


Voltage at Unknown: The voltage applied to the unknown is 500 volts or 50 volts as se- 
lected by means of a panel switch. A neon lamp warns when the 500-volt supply has been 
selected. Over a 105-125-volt range in line voltage and over the resistance range of the 
instrument, the variation in voltage across the unknown resistor will be less than +10 
volts at 500 volts and less than +4 volts at 50 volts. 

Range: 0.5 megohm to 2,000,000 megohms at 500 volts and to 200,000 megohms at 50 
volts. There are six decade steps as selected by a multiplier switch. 

Scale; Each resistance decade up to 500,000 megohms (50,000 megohms for 50 volts) 
utilizes: 90% of the meter scale. Center scale values are 1, 10, 100, 1000, and 10,000 
megohms with, in addition, a center scale value of 100,000 megohms for 500-volt oper- 
ation. 

Accuracy: For 500-volt operation, the accuracy in percent of indicated value at all but 
the highest multiplier setting is +3% at the low-resistance end of each decade, 18% at 
mid-scale and +12% at the high-resistance end. There can be an additional +2% error 
at the highest multiplier setting. For 50-volt operation, there is an additional +2% error 
pn all but the 0.5-5 megohms decade where the additional error can be +5%. 
Terminals: |n addition to terminals for connecting the unknown, ground and guard termi- 
nals are provided. At two positions of the panel switch, all voltage is removed from all 
terminals to permit connection of the unknown in safety. In one of the positions, the UN- 
KNOWN terminals are shunted to discharge the capacitive component of the unknown. All 
but the ground terminal are insulated. 

Check: A switch position is provided for standardizing the calibration at 500 volts. 
Design: Since field applications are more severe than laboratory use, the instrumentwas 
designed to be unusually rugged. The carrying case can be completely closed; acces- 
sory power cable and test leads are carried in the case. Controls are simplified for use 
‘ by untrained personnel. 

Tubes: Supplied with the instrument: one 12AU7, one OA2, one 6X4, one 2X2-A, one 
6AB4, one 6AU6, one 5651 and one NE-51. 

Controls: A switch for selecting the operating voltage, a switch for selecting the multi- 
plying factor, a control for standardizing the calibration, a control for setting the meter 
to the infinity reading and a power switch. 

Mounting: The instrument is assembled on an aluminum panel finished in black crackle 
lacquer and is mounted in an aluminum cabinet with black-wrinkle finish and with black- 
phenolic protective sides. The aluminum-cover finish is black wrinkle. The case is pro- 
vided with a carrying handle. 

Power Supply: 115 (or 230) volts at 40 to 60 cycles. The power input is about 25 watts. 
Accessories Supplied: Two 3-foot color-coded test leads, 

Dimensions: (Height) 10-1/8 inches x (width) 9-1/8 inches x (depth) 11-3/4 inches over- 
all. 

Weight: 15-1/4 pounds. 
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SPECIFICATIONS 


Frequency Range: 5 c/s to 5 Mc/s. 

Output Voltage: Maximum open-circuit output is at least 3 V for 
20-ke range, 2 V for 500-ke range, and 1 V for 5-Me range. 
Output Impedance: Source impedance for maximum output is 
approximately 900 2. Output is taken from 2a 2500-2 potentiom- 
eter. Source impedance for attenuated output is 200 2. One output 
terminal is grounded. 


Typical Spectrum Level 
Range (with 1-V, rms, output) Spectrum Level Uniformity* 


20 kc/s 5 mV for I-cycle band ~— within +1 dB, 20 c/s to 20 kc/s 

500 kc/s 1.2 mY for 1-cycle band within +3 dB, 20 c/s to 500 kc/s 

5 Mc/s 0.6 mV for l-cycle band within +3 dB, 20 c/s to 500 ke/s; 
within +8 dB, 500 kc/s to 5 Mc/s 


* Noise energy also present beyond these limits. Level is down 3 dB at 5 c/s. 
See plot. 


Waveform: Noise source has good normal, or Gaussian, distribu- 
tion of amplitudes for ranges of the frequency spectrum that are 


(eo) 


DECIBELS 


100c Ike 


ie 
2 J rie 
oe ees 


narrow compared to the band selected. Over wide ranges the 
distribution is less symmetrical because of dissymmetry intro- 
duced by the gas tube. Some clipping occurs on the 500-ke and 
5-Me ranges. 

Voltmeter: Rectifier-type averaging meter measures output. It is 
calibrated to read rms value of noise. 

Attenuator: Multiplying factors of 1.0, 0.1, 0.01, 0.001, and 
0.0001. Accurate to +3% to 100 ke/s, within +10% to 5 Me/s. 
Power Required: 105 to 125 or 210 to 250 V, 50 to 400 c/s, 50 W. 
Accessories Supplied: Type CAP-22 Power Cord, spare fuses. 
Accessories Available: Rack-adaptor panel (panel height 7 in). 


Mechanical Data: Convertible-Bench Cabinet 


Net Shipping 
Width Height Depth Weight W eight 
im Miitte Oi COD in mm lb kg lb kg 


123945 3255 72 190 9% 250 ae BES) 16 7.5 
For additional information, ask for General Radio Reprint E-110. 
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ound, after: : xaminati n byiu us ‘or our. authorized area 
‘tative, not to meet this standard, it will be repaired or, at 
oe our option, replaced as follows: 


of No icperee for parts, labor or. “transportation sane: the 
; Bei first three months after original shipment; 


= No charge for parts or labor during the fourth through 
the twelfth month after original shipment for a product 


returned to a GR service facility; 


® No charge for parts during the second year after origi- 


nal shipment. for a product returned to a GR service > 


facility; 


WAR RANTY 


- ‘Duane. ihe ‘third ehrousti the = Aenth year after original 


shipment, ‘and. as long thereafter as parts are available, 
- we will maintain our repair capability and it will be 
available at: our ‘then prevailing schedule of charges for a 
; product returned toa GR service facility. 


This warranty shall not Spply to any product or part 


“thereof which: has been subject to accident, negligence, al- 


teration, abuse or misuse; nor to any parts or components 
that have given normal service. This warranty is expressly in 
lieu of and excludes all other warranties expressed or im- 
plied, including the warranties of merchantability and fit- 
ness for a particular purpose, and all other obligations or 
liabilities on our part, including liability for consequential 
damages resulting from product failure or other causes. No 
person, firm or corporation is authorized to assume for us 
any other liability in connection with the sale of any 
product. 
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PARTS LIST - 


Handbook of Noise Measurement 


This 320-page book, by Dr. A. P. G. Peterson and Ervin E. Gross, Jr., of the General Radio 
Engineering Staff covers thoroughly the subject of noise and vibration measurement. Copies 
are available from General Radio at $7.50 each, postpaid in the United States and Canada. 
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Figure 1. Type 1390-B Random-Noise Generator. (See 


Section 3 for different mounting arrangements). 
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Section ] 
INTRODUCTION 


1.1 PURPOSE. The Type 1390-B Random-Noise Gen- 
erator (Figure 1) provides a high level of electrical noise 
at its output terminals. This type of signal is useful 
in room acoustic measurements, loudspeaker and micro- 
phone tests, psychoacoustic tests, filter tests, cross- 
talk measurements for multichannel carrier systems, 
calibration checks on recording systems, modulation of 
signal generators and test oscillators, tests of rms re- 
sponse of meters, observation of resonance in systems, 
electrical averaging of resonant responses, and compar- 
isons of effective band width. A pair of these genera- 


RANGE 


3-position rotary selector 
switch 


POWER 2-position toggle 
switch 


OULP Ul: Rectifier-type, averaging 
VOLTS voltmeter 

MULTIPLY 5-position rotary selector 
BY switch 


| Name __| Description 


20 kc, 500 kc, 5 Mc 


OFF, POWER 


tors can be used as signal sources for demonstration 
of various degrees of correlation, possible errors of 
random sampling, and other concepts of statistical 
theory. 


1.2 DESCRIPTION. 
1.2.1 CONNECTIONS. 


used as output terminals, are provided on the panel of 
the Type 1390-B Random-Noise Generator. 


Two jack-top binding posts, 


1.2.2 CONTROLS. The following controls are on the 
panel of the Type 1390-B Random-Noise Generator: 


Selects network used for shaping 
noise spectrum 


Energizes instrument. 


Varies output voltage. 

Indicates rms value of noise at 
output terminals. 

Attenuates output voltage. 


None 2-position rotary selector LOW, HIGH In LOW position, introduces a 10:1 
switch resistance pad after gas-tube noise 
source to reduce effect of amplitude 
limitations of amplifier and to re- 
duce noise field radiated by the in- 
strument. 


0.0001, 0.001, 0.01, 0.1, 1.0 
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Section 


THEORY OF 


2.1 GENERAL. (See Figure 2.) The Type 1390-B 
Random-Noise Generator uses a gas-discharge tube as 
its noise source. A transverse magnetic field is ap- 
plied to the tube to eliminate the oscillations usually 
associated with a gas discharge and to increase the 
noise level at high frequencies 1. The noise output 
from the gas tube is amplified in a two-stage amplifier. 
Between the firstand second stages the noise spectrum 
is shaped in one of three different ways, depending on 
the setting of the RANGE switch. At the 20-kc posi- 
tion, a low-pass filter is inserted, which has a gradual 
roll-off above 30 kc, with the audio range to 20 kc uni- 
form in spectrum level. At the 500-kc setting, a low- 
pass filter is inserted, which rolls off above 500 kc. 
At the 5-Mc setting, a peaking network is used. This 
network approximately compensates for the drop in 
noise output from the gas tube at high frequencies, so 
that a reasonably good spectrum is obtainable to 5Mc. 


2.2 OUTPUT VOLTAGE. The maximum open-circuit 
output voltage on the 20-kc band is at least 3 volts, 
on the 500-kc band at least 2 volts, and on the 5-Mc 
band at least 1 volt. This corresponds to a relatively 
high noise level, since the output impedance at maxi- 
mum output is only about 900 ohms. This level can be 
expressed in terms of the resistance noise correspond- 
ing to 900 ohms at room temperature. The rms voltage 
in a one-cycle band due to thermal agitation in a 900- 
ohm resistor at room temperature is about 3.8 x 10°9 
volt. The level from the Type 1390-B Random-Noise 
Generator is about five millivolts for a one-cycle 
band when there is a total output voltage of one volt 
on the 20-kc band. This level, then, is about 1,300,000 
times the corresponding voltage for resistance noise, 


v2 
604 
NO/SE_TUBE 


LOW-PASS 
FILTERS 


2 
OPERATION 


or about 122 decibels above resistance noise at the 
same impedance level. 


2.3 CHARACTERISTICS OF NOISE OUTPUT. As 
shown in Figure 3, no regular pattern appears in the 
output waveform; it is characterized by randomness 
rather than by regularity. Noise is therefore described by 
statistical means,“ and is characterized by its distri- 
bution of instantaneous amplitudes and by its frequen- 
cy spectrum. 

A random noise is often defined as a noise that 
has a “normal” or “Gaussian” distribution of ampli- 
tudes. This concept is illustrated by the following 
simple experiment performed with the noise generator. 

Set the noise generator to the 20-kc band and to 
maximum output. Connect a small capacitor (about 
1000 pf) across the output. Suddenly disconnect the 


capacitor. Measure its voltage with an electrometer or 


: J. D. Cobine and J, R. Curry, “Electrical Noise Gen- 
erators”, Proc. IRE, Vol. 35, No. 9, September 1947, 
Pp. 875-879. 

25.0. Rice, “Mathematical Analysis of Random Noise” 
Bell System Technical Journal, Vol. 23, No. 3, July 
1944, pp. 282-332; Vol. 24, No. 1, January 1945, 
pp. 46-156. 

A. van der Ziel, Noise, New York, Prentice-Hall, 

IG 954 

W. B. Davenport, Jr. and W. L. Root, An Introduc- 
tion to the Theory of Random Signals and Noise 

New York, McGraw-Hill, 1958. 

W. R. Bennett, Electrical Noise, New York, McGraw- 

Hill, 1960. 
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Figure 2. Elementary Circuit Diagram. 
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Figure 3. Oscillograms of Three Different Samples of 

the Output Voltage Wave. (A single sweep was used 

for each. Middle trace is at four times, and lower trace 
20 times sweep speed of upper trace.) 


its charge with a ballistic galvanometer. Record this 
value, which isthe instantaneous amplitude of the noise 
voltage at the time the capacitor is disconnected. A 
series of these values can be obtained, and a graph 
prepared, with instantaneous amplitude versus the 
percentage of time during which any amplitude is ex- 
ceeded. A large number of amplitudes must be deter- 
mined in this way before a reliable distribution results. 
Two or three hundred observations are usually suffi- 
cient to show the trend for demonstration purposes, 
while several thousand will give a reliable curve for 
the important part of the range. Because of the large 
number of observations required, automatic apparatus 
is helpful in making these determinations. 


Figure 4 illustrates a chart made up after 400 
observations. This chart shows the fraction of obser- 
vations in each interval of 0.2 volt. It is seen that 
most of the observations were relatively low values, 
although some relatively high values were observed. 
These results are also shown in a qualitative way in 


the oscillograms in Figure 3. 


3 McKnudtzon, “Experimental Study of Statistical Char- 
acteristics of Filtered Random Noise”, Technical 
Report No. 115, M.I.T. Research Laboratory of Elec- 
tronics, July 15, 1949. 

L. W. Orr, “Wide-Band Amplitude Distribution Anal- 
ysis of Voltage Sources”, Review of Scientific In- 
struments, Vol. 25, No. 9, Sept., 1954, pp. 894-898. 
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Figure 4. Results of Voltage-Sampling Experiment. 

(Continuous curve is a normal probability distribution 

curve adjusted according to r-m-s value of noise vol- 
tage and size of intervals used in plot.) 
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Figure 5. 
Normal Distribution Curve of True Random Noise. 


The normal (Gaussian or Laplacian) distribution> 
curve is also shown in Figure 4. It has been adjusted 
according to the computed r-m-s value of the data 
(the standard deviation) and the size of the interval 
used inplotting the data. The experimental data fit the 
normal curve very closely. Departures from the normal 
curve are almost entirely the result of so few obser- 
vations. Had more observations been made, the result 
would have been even closer to the expected values.° 


In Figure 5, the probability that a voltage be- 
tween two limits will be observed is given by the area 
under the normal curve between those two limits. Ex- 
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pressed in other terms, if the output voltage is ob- 
served over long periods of time, the fraction of the 
total time that the voltage is between the two voltage 
limits is given by the corresponding area under the 
probability curve.* For example, the instantaneous 
voltage magnitude will be no more than one-tenth the 
t-m-s value for about eight percent of the time, and 
will be greater than three times the rms value only 
about 0.26 percent of the time. 

2.4 DEPARTURES OF OUTPUT FROM TRUE RAN- 
DOMNESS. The curve in Figure 5 is a theoretical curve 
and is symmetrical about the origin. The noise of the 
generator has a similar distribution, but is somewhat 
asymmetrical because of the gas tube. In addition, the 
inherent amplitude limitations of the vacuum-tube am- 
plifiers limit the distribution curve at high levels. 
Clipping is most serious on the 500-kc and 5-Mc ranges. 
When a narrow-band filter is used at the output, the 
distribution becomes more nearly random. 

2.5 FREQUENCY SPECTRUM OF NOISE. The mean- 
ing of the term “frequency spectrum of noise” is illus- 
trated in the following experiment, If a wave analyzer, 
such as the Type 1900-A, set to a 50-cps bandwidth, 
is used to analyze the output of the noise generator, a 
fluctuating meter reading will be observed at any set- 
ting of the analyzer. If an average value of this reading 
is taken over a period of time, this average value is an 
estimate of the level in that 50 -cycle -wide band. This 
level, determined on any ranges of the noise generator, 
is essentially independent of the frequency setting of 
the Type 1900-A Wave Analyzer. Thus the spectrum in 
this region is uniform. The relative spectrum on the 
noise can be determined by the use of suitable an- 
alyzers_ to cover the full range of the principal energy 
regions of the noise. A typical result of such an anal- 
ysis is shown in Figure 6 for the three bands of the 
Type 1390-B Random Noise Generator. When the spec- 
trum is uniform over a broad band, as shown in Figure 
6, “‘white- 
ness’’ always applies to a definite band only. For ex- 
ample, if the noise spectrum is uniform from 100 to 
500 kc, the noise is referred to as white in that band. 


it is commonly called ‘‘white noise’’. The 
, 


It is customary to adjust the measured value of 
analyzed noise to that corresponding to an ideal filter 
of one-cycle band width. Since noise voltage in- 
creases as the square root of the band width, the value 


determined on the Type 1900-A Wave Analyzer is then 


A. 50 cycles . i 
divided by \/ ————— to obtain what 1s called “spec- 
1 cycle 


tral voltage density”. This can be defined as the 


4 E. R. Neinburg and T. F. Rogers, “Amplitude Dis- 


tribution Analyzer”, Radio-Electronic Engineering, 
Vol. 46, No. 6, December 1951, pp. 8-10. 
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Figure 6. Typical Spectrum Level Characteristics tor 
Type 1390-B Random-Noise Generator. 


rms voltage corresponding to the energy contained 
within a band one cycle per second wide. 


NOTE 
“Spectral voltage density”, although a conven- 


ieat term, is sometimes not used because most 
work on noise deals with energy level. The 
transfer from one to the other requires a know- 
ledge of the impedance level in the circuit. It 
should be remembered that separate noise sig- 
nals add on an energy basis and that the noise 
energy increases directly with the noise band- 
width, while the noise voltage increases as the 
square root of the bandwidth. Furthermore, the 
concept used here assumes a uniform density of 
the noise signal over the band of the analyzer. 
It should not be used for discrete components. 


2.6 ANALYSIS OF NOISE BY CONSTANT- PERCEN- 
TAGE ANALYZERS. If the output of the Type 1390-B 
Random-Noise Generator is analyzed bya Type 1564-A 
Sound and Vibration Analyzer, the results will be sim- 
ilarto those shown in Figure 7. Here the indicated level 
increases 10 decibels for each decade increase in fre- 
quency. This result canbe understood by realizing that 
this analyzerhas a bandwidth that is essentially a con- 
stant percentage of thecenter frequency. Forexample, 
at 5 ke the effective band width for noise is about 
160 cps, and at 500 cps is about 16 cps. 


2.7 TYPE 1390-P2 PINK-NOISE FILTER. 
2.7.1 DESCRIPTION. The Type 1390-P2 Pink-Noise 
Filter (Figure 8) converts the electrical noise output 


i eal ft cease 
25 10 25 100 250 1000-2500 10000 25,000 


FREQUENCY IN CYCLES PER SECOND 


Figure 7. Results of Analysis of Noise-Generator 
Qutput Voltage by a Type 1564-A Analyzer. (Straight 
line drawn at slope of 10 db per frequency decade.) 
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TYPE 1390-B RANDOM-NOISE GENERATOR 


of the Type 1390-B Random-Noise Generator to ‘‘pink 
noise’’ (constant energy per octave) which facilitates 
measurements with constant-percentage-bandwidth an- 
alyzers. It is designed to plug into the output binding 
posts of the Type 1390-B Random-Noise Generator, 
but can also be used at any point in a system where 
this filter characteristic is needed. The filter is anRC 
low-pass filter with a slope of -3 db per octave from 
20 cycles to 20 kc and a slope of -6 db at higher fre- 
quencies (See Figure 9). For shielding, the case of 
the filter is grounded to the LO input and output ter- 
minals. Figure 10 is a schematic diagram of the filter. 
The input terminals of the Type 1390 -P2 Filter are re- 
cessed plugs at the rear and the output terminals are 
binding posts on the front. 


PINK NOISE FILTER 
TYPE 1390-P2 


GENERAL RADIO COMPANY 


cowcoeD MASSACHUSETTS UIA 


Figure 8. Type 1390-P2 Pink-Noise Filter. 


2.7.2 USE WITH THE TYPE 1390-B RANDOM-NOISE 
GENERATOR, Plug the Type 1390-P2 Pink-Noise 
Filter into the output terminals of the Type 1390-B 
Random-Noise — Generator. The impedance of the load 
connected to the output terminals of the filter should 
not be less than 20 kilohms. 

On the Random-Noise Generator, set the RANGE 

switch to 20 kc, the LOW-HIGH switch to HIGH, and 
the MULTIPLY BY switch to 1.0. The output of the 
Pink-Noise Filter will be approximately 30 db below 
its input and the level in each one-third-octave band 
will be approximately 17 db below that. Thus, when 
the output meter of the Random-Noise Generator indi- 
cates 3 volts, the output of the filter will be approx- 
imately 0.1 volt and the level in each one- third- octave 
band will be approximately 15 millivolts. 
2.7.3 USE IN OTHER APPLICATIONS. When the Type 
1390-P2 Pink-Noise Filter is used in a system at some 
point other than the output terminals of the Random- 
Noise Generator, the input source to the filter should 
have an impedance of less than 1 kilohm. Input con- 
nections can be made with clip leads or Type 274-MB 
Double Plugs to the recessed input terminals. The im- 
pedance of the load connected to the output terminals 
should not be less than 20 kilohms. 


2.7.4 FREQUENCY-RESPONSE MEASUREMENTS. In 
many acoustical systems, frequency response mea- 
surements made with a sine-wave tone source are dif- 


ficult to interpret because of the large amplitude fluc- 


RESPONSE IN DECIBELS 
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Figure 9. Typical frequency response of the Type 

1390-P2 Pink-Notse Filter. 
tuations that may occur. When the measurements are 
made by effectively averaging the data over a narrow 
range of frequencies, response curve is considerably 
smoother and much easier to use. In the past, ‘warble 
tones’’ have been used for this purpose. A more con- 
venient method, however, is to use pink-noise as the 
tone source and a constant-percentage-bandwidth an- 
alyzer(such as the Type 1564-A Sound and Vibration 
Analyzer) with one-third octave bandwidth as the fre- 
quency-determining element in the receiving system. ° 
Theresults of these frequency-response measurements 
can be conveniently recorded on the Type 1521 
Graphic Level Recorder. © 
2.7.5 USE AS A NOISE SIMULATOR. Some noises 
that occur in nature are closer in spectral character- 
istics to pink noise than to white noise. This is true, 
for instance, of the low-frequency noise in semicon- 
ductors and of some acoustical background noises. To 
simulate electrical signals generated in such cases, 
it is convenient to use pink noise. 
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Figure 10. Schematic diagram ‘of the Pink-Notse Filter. 


* A New Analyzer for Sound and Vibration’’, General 
Radio Experimenter, Volume 33, Number 12, December, 
pep 
“A Graphic Level Recorder with High Sensitivity 
and Wide Ranges’’, General Radio Experimenter, Vol- 
ume 33, Number 6, June, 1959. 


Li 
: 
+ ; 
ate oe 
- > 


SMPUneeaaS daa? | 
x th 4 , =i ith tb ii 
ee ES Ry ig mae Wes aa Ly 
poly cee eS on el 
; at ie © sae rips ye 
an ae mas BRE ‘si vali 
Pe rata | ea Yt any j (ile “ipat eveise weg db. f.0 
£0" BERR EE ME Be RIN wt sii tuithgid! ta dh 2 Yo 
eh tt id ta aces \ Yo what af albedo 
} - my ok ole > “7 el i i tae Riquw war a7 tele on t 
ZeGRS) ele DEN SS 20306 oda bo mengeih Di sinmadoaa EM ; 
¥ a 


lee ot ok oo i pnw ep RG SET: eqyt ‘ond Yo a 
} ; ; oan clanimnps tnqiia edit hag wna a ies 


902% khs th SR hedGe es route ler Age, ©, weaye™ 
ms TY yeicth-snrt SO MRR 


4 tiemeivacon sis ao avose. yan Inte peiatia 

CORA h teen Sel) ©o3 Qitwewes. yisvilosis yd shen 
déaibienes ef yw. sites) poehuidieoll Io egony 

iGisw oy oh sR oo ae iaae dont bee tealsocicia q 
*<1¢63 sion. A aS ERG EY ata 4soF h£4au teod OVA | 


fy ex pathexdy ry ahd 0d SP evewnd ‘bedyam meingy: 


he. caliwhnsd-sqQrctesetetansengs & bow somaa  eheg 
seneunV bea Saget Asha) sav) ody te couajaeavie 5 
- , 2 
“aT aU)2ga «isha SURTTO. HAS rw | Stee eid LF 
t 


mite Ei" S601 Sa2' Al rosmole Weinlunadhayorsup 


‘qin s Wess sd eee oy? saeds Th 4 raged ; ai sie war SSE 


Kolnonsy xlinuskerhog wt G2, aI OCA) BAIREE BRIS 
; s 7 ‘ F . ee anbo-aoit TMREL  sqyt sett 
eyalow ano? \AAT A LY] A ch ANY ZN8 A-OQES “qT $4 ta alnginnes 3 Sa 

torrid tewoage Gi voeets Sta ‘tana ni, wwase 2eME |) Ree a ada 
Rd ah CAAT elo aality oe Mealy seine ani Oy oNtes bloody soli as le 


rbqooslt! Liye ‘ ridQate 


eyes Hr Abe VomeTt ere ey! UE PAIR ASF 


oy teelus Losomdand ddoimnode pase To hae axioeir:” 


. ‘ ry aDMAR. ms 288 doiwidsyD “ise 
Sei re i Gree te eer ate 7 ate fh boa Hea od sf oykhwe HOWWO.! ate 
‘waion Inky sey oo fusieevhea.ei arts to toa. odT A a d ue 


tS 
} BER Fey met. ty 


i 
i at" ; ‘ } : } 7 
£ 4 a op > Ai! 
j fee SWS, gh %' 2 % } 
t! Saeagy i zary! 1 ‘OW i 
Rime Wiis ead mem ee 
Spek a verte penne aeet = eee woe ee He tape spent, <vieie ae 2 , 
Ble o .% 4! oe * ie a } 


laa had Lele te ; “| 

“” bias ee be 43) rier arcuate he 
vase ve on ani 3K Vo wtrqess Jaeesasht = haaate 
; et q x a - : ae Vy 

avila 5 vies ae booed 99) jarylenh wa ie Re cs ; © ot anes 
.radengae] Sa edewl4 A8 : smusioY Bacau: 5 thy ys ame 


(aniting dgh iy Teleeovei ‘Nine aie. a a, | 
a Pesce ari) Vervivnsr | “vag dit 


“ pS aah Sete 


oa ave 
eas ie aed My) PATE Fe er a ie 
thy | ac ty, *! ' bo 4a are 
A at 2 Ops ey) 17 ae as 


GENERAL RADIO COMPANY 


Section 3 


INSTALLATION 


3.1 BENCH MOUNTING. To set the instrument in a 
tilted position (shown in inset of Figure 1), simply pull 
each front leg down as far as possible and then turn 
the leg so that its notch faces the back of the instru- 
ment. 

To restore the leg to its retracted position, turn 
it to release the catch and push the leg up. 


3.2 RELAY-RACK MOUNTING. Type 480-P412 Panel 
Extensions are available to adapt the Type 1390-B 
Random-Noise Generator for relay-rack mounting. To 
mount the Type 1390-B Random-Noise Generator in a 
relay rack, first attach the two panel extensions to the 
instrument. Remove the two screws in the upper and 
lower corners on one side of the panel. These screws 
fasten the panel to the aluminum end frames. Place 
one of the extensions in the front of the panel so that 
the corner holes on the plate line up with those on the 


instrument and replace the two screws. 
Attach the second extension on the other side of 


the instrument panel in the same manner. The instru- 
ment can then be mounted in a standard 19-inch relay 
rack. 


3.3 CONNECTION TO POWER SUPPLY. Connect 
the Type 1390-B to a source of power as indicated 
by the legend at the input socket at the rear of the 
instrument, using the power cord provided. While in- 
struments are normally supplied for 115-volt operation, 
the power transformer can be reconnected for 230-volt 
service (see schematic diagram, Figure 12). When 
changing connections, be sure to replace line fuses 
with those of current rating for the new input voltage 
(refer to Parts List). Appropriate measures should be 
taken so that the legend indicates the new input volt- 
age. On instruments changed from 230 to 115 volts, 
this simply means removal of the 230-v nameplate; a 
115-v legend is marked beneath. For instruments 
changed to 230 volts, a nameplate (Type 5590-1664) 
may be ordered from General Radio. 


Section 4 


OPERATING PROCEDURE 


4.1 START-UP. Turn the POWER switch on. After 30 
seconds, when the heater of the Type 6D4 thyratron 
tube has warmed up, plate voltage is applied by an in- 
ternal time-delay relay. (Simultaneous application of 
heater and plate voltage would shorten the useful life 
of the thyratron tube and increase the drift in noise- 
output level on warm-up.) 


4.2 FREQUENCY CONTROL. The RANGE switch 
selects the network used for shaping the noise spec- 
trum. Markings indicate the upper frequency limits for 
which the noise spectrum is reasonably uniform. 


4.3 OUTPUT CONTROL. Output controls are a switch 
for selecting LOW or HIGH output, an OUTPUT level 
control, and an output attenuator. In the LOW position, 
the switch introduces a 10:1 resistance pad after the 
gas-tube noise source. This reduces the effect of the 


unavoidable amplitude limitations of the vacuum-tube 
amplifier and also reduces the noise field radiated ex- 
ternally by the instrument. To keep hum and microphon- 
ics to a minimum, however, it is generally advisable to 
operate the instrument in the HIGH position. 

The OUTPUT level control is a continuous-type 
control that is used to vary the output voltage from a 
very low value to maximum for either setting of the 
output switch. 

The MULTIPLY BY switch is used to provide low 
output levels. It has multiplying factors of 1.0, 0.1, 
0.01, 0.001, and 0.0001. 


4.4 VOLTMETER. A rectifier-type, averaging meter 
measures the output voltage. It is calibrated to indi- 
cate the rms value of the noise. When the MULTIPLY 
BY switch is at 1.0, the meter indicates directly the 
open-circuit voltage at the output terminals. In the 
other positions of the MULTIPLY BY switch, the open- 
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TYPE 1390-B RANDOM-NOISE GENERATOR 


circuit output voltage is the product of the meter read- 
ing and the multiplier reading. 

The spectral voltage density of the noise at a 
given frequency is the r-m-s voltage corresponding to 
the energy contained within a band l-cps wide centered 
on that frequency. The typical spectral voltage den- 
sity at 1 ke with one volt output is approximately as 
follows: 


(a) 20-kc band: 5 millivolts for one-cycle band. 
(b) 500-kc band: 1.2 millivolts for one-cycle band. 
(c) 5-Mc band: 0.6 millivolt for one-cycle band. 


When an accurate value is desired at any fre- 
quency, it should be measured. The values given 


are intended only as a guide. 


4.5 LOAD. The output is taken from a 2500-ohm po- 
tentiometer, and one output terminal is grounded. For 
a truly resistive load with the MULTIPLY BY switch 
at 1.0, the apparent source impedance is zero when a 
reading of the voltmeter is taken with the load con- 
nected, since the voltmeter reads the voltage across 
the load. As the output control is varied from the maxi- 
mum to the minimum setting, the actual source imped- 
ance varies from about 900 ohms to nearly zero. When 
the MULTIPLY BY switch is in any position other 
than 1.0, the source impedance is 200 ohms. 

A load that is not independent of frequency will 
affect the frequency spectrum of the output noise. For 
example, a capacitor shunted across the output termin- 
als will decrease the level of the high-frequency noise 
more than it decreases the level of the noise at low 
frequencies. The voltmeter is then less indicative of 
the spectrum level than it is for a resistive load. 


4.6 HUM. The hum level is usually more than 40 db 
below the over-all noise level in the HIGH output po- 
sition. This hum level is sufficiently low so that for 
most applications there is no effect from hum, even 
when an analyzer with a narrow band is used for analy- 
sis. The relative hum level in the HIGH output posi- 
tion is lower than that in the LOW position. 


4.7 APPLICATIONS. 


4.7.1 GENERAL. Some applications of a noise gen- 
erator depend on its amplitude distribution character- 
istics (Figures 4 and 5.) For example, the amplitude 
distribution is similar to that of speech, music, and 
many other sounds or electrical disturbances that occur 
naturally’, while the amplitude distribution of a sine 


7. K. Dunn and S. D. White, “Statistical Measure- 
ments on Conversational Speech”, Journal of the 
Acoustical Society of America, Vol. 11, No. 3, Jan- 
uary 1940, pp. 278-288. 
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Figure lla. Amplitude Distribution Curves for Various 
Sounds. (Curves labeled “Speech” are for particular 
cases of sounds produced from readings of printed 
matter’; curve labeled “Music” is an analysis of an 
orchestral selection made in a large theater~. 
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Figure lb. Distribution Curves of a Single Sinusoidal 
Wave and a Random Noise. 


wave is entirely different. These similarities and dif- 
ferences can be seen by comparisonof the distributions 
of Figurell. Because of this characteristic, random 
noise is an important signal for psychoacoustic tests. 
Psychoacoustic tests include masking or interference 
tests, loudness measurements, determination of critical 
bandwidths, and audiometric tests. The techniques 


used in making such tests are discussed in the var- 


ious numbers of the Journal of the Acoustical Society 


W. B. Davenport, Jr. “A Study of Speech Probability 
Distributions”, M.I.T. Laboratory of Electronics, 
Technical Report No. 148, August 25, 1950. 
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GENERAL RADIO COMPANY 


of America (for which there are two comprehensive 
indexes available) and in various psychological jour- 
nals. A useful bibliography for these applications is 
S. S. Stevens, J. G. S. Loring, and Dorothy Cohen, 
Bibliography on Hearing, Harvard University Press, 
Cambridge, 1955, particularly those references listed 
in Sections 139 (p. 571), 157 (p. 573) and 222-228 
(pp. 579 f). 

Other applications depend on the various pos- 
sible frequency spectra of noise. The frequency spec- 
trum is independent of the amplitude distribution, in 
the sense that a normal distribution of amplitudes is 
possible with any frequency spectrum - flat, broad, 
narrow, sloping, or peaked. Systems that affect one 
characteristic, however, may also affect the other. For 
example, nonlinear clipping affects both the amplitude 
distribution and the frequency spectrum. Linear filter 
networks used on purely random noise do not affect 
the randomness but alter the frequency characteristic 
and correspondingly the time scale. Linear filter net- 
works used after clipped noise alter the frequency 
spectrum and also tend to make the noise more nearly 
random. 


4.7.2 ELECTROACOUSTIC TESTS. The Type 1390-B 
Random-Noise Generator is a useful signal source for 
many types of electroacoustic tests, including loud- 
speaker-response tests. Some useful discussions of 
these tests using a noise source are given in the fol- 
lowing: Leo. L. Beranek, Acoustic Measurements, 
“New York, John Wiley and Sons, 1949, pp. 639-640, 
665f, 697-702; and RMA Standard SE-103, Speakers 
for Sound Equipment, April 1949, p. 6, Standard Test 
Signal BA. 


Other General Radio instruments useful in elec- 
troacoustic tests are the Type 1551 Sound-Level Me- 
ter, the Type 1551-P1 Condenser Microphone System 
the Type 1558 Octave—Band Noise Analyzer, the 
Type 1564—A Sound and Vibration Analyzer, and 
the Type 1521 Graphic Level Recorder. 


4.7.3 ROOM ACOUSTICS TESTS. The noise generator 
is a useful signal source for many types of tests in 
room acoustics. These include reverberation tests, 
panel (wall and floor) transmission measurements, 
measurement of space irregularities, and measurement 
of steady-state signal transmission. For details, con- 
sult the following: Leo. L. Beranek, Acoustic Mea- 
surements, New York, John Wiley and Sons, 1949, pp. 
804 ff, 826f, 831 and 883. 


The Type 1551-C Sound-Level Meter,the Types 
1550-A and 1558-A Octave-Band Analyzers, the Type 
1564-A Sound and Vibration Analyzer, and the Type 


1521 Graphic Level Recorder are useful elements in 
the over-all set-up for these tests. 


4.7.4 STATISTICAL DEMONSTRATIONS. The prop- 
erties of noise that concern the amplitude-time rela- 
tionship are usually described by statistical means~. 
(Refer to paragraph 2.3.) 

Random-noise generators can be used to demon- 
strate some concepts of statistical theory. The equip- 
ment and methods for demonstrating various degrees of 
correlation and possible errors of random sampling are 
described by J. C. R. Licklider and E. Dzendolet, 
“Oscillographic Scatterplots Illustrating Various De- 
grees of Correlation”, Science, January 30, 1948, Vol. 


10777 No 2770; pps) 121-124: 


4.7.5 NOISE AT HIGH FREQUENCIES. The noise 
generator can be used to modulate an r-f carrier when 
a noise signal is desired at a frequency above 5Mc. 
A crystal diode modulator8 is a suitable instrument 
for wide-band modulation, and the Type 1363 VHF Unit 
Oscillators? and the Type 1362 UHF Unit Oscillators 
are suitable rf oscillators covering the range from 65 
to 920 Mc. 


Because of the two sidebands that result from 
the standard modulation techniques, the noise band can 
be made to extend over a 10-Mc range, 5 Mc on each 
side of the carrier. For some applications it may be 
desirable to use a suppressed-carrier or balanced-type 
modulator (see Terman, Radio Engineering Handbook, 
New York, McGraw-Hill Book Co., 1943, pp. 551-553). 
It is also possible to use a series of carriers and mod- 
ulators to combine to give a much broader band of 
noise than 10 Mc. 


Some signal generators and oscillators include 
modulating circuits, so that an external source such 
as the Type 1390-B Random-Noise Generator can be 
used to modulate the signal. Instruments of this type 
are the Types 1003 and 1026 Standard Signal Genera— 
tors. For these generators the modulation produced is 
limited to the audio range and to about 5 to 10 per— 
cent rms noise modulation, with peaks much higher. 
When a wider frequency band is desired, an external 
modulator should be used as described above, 


- 


° Byers, W. F., “An Amplitude Modulator for Video 
Frequencies”, General Radio Experimenter, March 
1950, Vol. 24, No. 10, pp. 68. 


“Sh Karplus, “V-H-F and U-H-F Unit Oscillators”, 
General Radio Experimenter, May 1950, Vol. 24, 
No. 12, pp. 7-11. 
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TYPE 1390-B RANDOM-NOISE GENERATOR 


4.7.6 VERY HIGH NOISE LEVELS. When noise levels 
even higher than those provided by the Type 1390-B 


Random-Noise Generator are desired, an amplifier 
should be used. 


4.7.7 INTERFERENCE TESTS. Since noise is a 
common form of interfering or disturbing signal or sig- 
nal that limits the threshold of detectability, the noise 
generator can be used to check receivers, communi- 
cation systems, and detection systems for suscepti- 
oility to interference. [t can also be used as a train- 
ing aid for operators who must communicate through 
interference. 


4.7.8 OVER-ALL CALIBRATION TESTS. The noise 
generator can be used as an over-all calibration device 
because of the wide frequency range available at the 
output. This calibration signal can be particularly use- 
ful in audio systems that involve a recording technique, 
and its use can frequently simplify the calibration pro- 
cedure when an analyzer forms part of the system. !° 

For example, when a magnetic tape recorder is 
used to record a signal to be measured on playback, 
reference signals must be recorded before and after the 
unknown signal is recorded. These reference signals 
permit one to fix levels and to determine response char- 
acteristics, which can vary from time to time depend- 
ing onthe condition of thetape andthe machine. These 
reference signals are usually a series of tones at var- 
ious ‘points in the frequency range of interest. The 
noise generator, due to the broad frequency band, per- 
mits the use of a more versatilereference signal. Thus 
a useful set of reference signals would be a burst of 
noise of about one-half minute duration and a burst of 
a 400-cycle tone of about the same length. These two 
signals would permit the determination of frequency 
response, signal-to-noise ratio, harmonic distortion 
(at one level and one frequency), and flutter. 

To determine the frequency response by use of a 
noise signal, perform the following operations: 

1. Set the noise generator to the 20-kc range. Con- 
ne¢t it to the input of the system under test, at such a 
level that the r-m-s input is at least 14 decibels below 
the sine-wave overload point. 

2. Make a frequency spectrum analysis of the input 
noise signal and of the output noise signal from the 
device under test. The relative level of input and out- 
put as a function of frequency is then the frequency 


10S_ S. Stevens, J. P. Egan, and G. A. Miller, “Meth- 
ods of Measuring Speech Spectra”, Journal of the 


Acoustical Society of America, Vol. 19, No. 5, Sep- 
tember 1947, pp. 771-780. 


response of the device under test, unless spurious sig- 
nals are present in the output of the device. 

3. Test for spurious signals by making an analysis 
of the output with no input signal applied. 

When these measurements are made, the input 
and output must be analyzed by analyzers of the same 
effective bandwidth. The bandwidth of the analyzer 
should also be appreciably smaller than the bandwidth 
of the device under test. Furthermore, the ultimate 
attenuation of the analyzer should be much greater than 
variation in response that one expects to measure, so 
that it will not limit the observed response. Distortion 
and background noise in the device under test will 
also limit the range of variation in response that can 
be measured by this method, and it is therefore impor- 
tant to select the proper level for input signal. 


4.7.9 ANALYSIS OF NOISE. In the course of meas- 
urements with a noise generator, it is often necessary 
to make a frequency spectrum analysis of noise. The 
Type 1900-A Wave Analyzer, the Types 1558-A and 
1558-AP Octave-Band Noise Analyzers, and the Type 
1564-A Sound and Vibration Analyzer are usefulacces- 
sories for this analysis in the audio-frequency range. 
The results of noise analyses by these different 
analyzers cannot be compared directly; the results 
must be modified because of the different bandwidths. 
Refer to paragraph 2.5 for a discussion of the fre- 
quency spectrum of noise. 
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Figure 12. Decibels to Be Subtracted from Type 1564-A 
Reading to Obtain Spectral-Density Level. 


The bandwidths of the Octave-Band Noise 
Analyzers increase in cycles directly with the 
mean frequency of the band.~ For that reason, a noise 
signal that is uniform in spectral-energy density over 
the frequency range will give higher-level readings for 
the higher-frequency bands than for the lower-frequency 
bands. The following table shows the values to be 
subtracted from the readings of the analyzer to obtain 
the spectral-density levels. 
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Type DB Type DB 
1558-A to be 1558-AP to be 
Band sub- Band sub- 
tracted Center tracted 
A freq. 
18.75-37.5 13 31.5 13.5 
Sided 16 63 16.5 
75-150 19 125 19.5 
150-350 22 250 PEAS 
350-600 US, 500 BOIS) 
600-1200 28 1,000 28.5 
1200-2400 31 2,000 3145 
2400-4800 34 4,000 34.5 
4800-9600 37 8,000 Sys) 
9600-19,200 40 16,000 40.5 
LPieda> 18 


The effective bandwidth of the Type 1564-A Sound 
and Vibration Analyzer increases with increase in the 
frequency to which the analyzer is tuned. The graph 
in Figure 12 shows the value in decibels that must be 
subtracted from the reading of the analyzer to obtain 
the spectral-density level.. This value is determined 
on the basis of initial calibration of the instrument by 
a sine-wave signal. 

The corrections for spectral density level for 
the Type 1900-A Wave Analyzer are independent of 
the center frequency to which it is tuned but do de- 
pend on the bandwidth used. For the 3-cycle band- 
width subtract 3.7 db; 10-cycle, subtract 9 db; 50-cy- 
cle, subtract 15.9 db to obtain the spectral density 
level. (These correction numbers take into account 
the metering characteristic as well as the bandwidth.) 


4.7.10 FREQUENCY RESPONSE MEASUREMENT. 
The noise generator can be used in place of the usual 
sine-wave generator for measuring the response of 
circuits and systems. In this application the selective 
characteristics of generator and detector are reversed 
from those ordinarily used in point-by-point measure- 
ments; the wide-band noise source and a selective 
detector replace the single-frequency source and wide- 
band detector. For speech and music circuits, this 


technique provides a much closer approximation to 
operating conditions than does the older system. This 
approach is particularly useful in testing recording 
(Refer to paragraph 4.7.8.) 


sweeping sinusodial tests are sometimes inconvenient 


systems, 10 The usual 
because of the problem of determining the recorded 
frequency during playback. This problem is eliminated 
by a recorded noise signal that is analyzed on play- 
back. 

Because of its broad frequency spectrum, noise 


is often used to avoid the marked resonance effects 
that can occur when vibrations in mechanical struc- 


The use 
of noise as a source in measuring the reverberation 


tures and acoustical systems are measured. 


characteristics of rooms and the transmission charac- 
teristics of building structures results in a type of 
electrical averaging of the characteristics, provided a 
reasonably broad band is used. This averaging often 
simplifies the comparison of the characteristics of dif- 
ferent structures. 

The noise generator is useful in response meas- 
urements on loudspeaker systems in rooms.!! The elec- 
trically averaged response can be used to determine 
the optimum characteristic for equalizing networks, to 
set the relative levels of woofer and tweeter units, 
and to adjust levels of multiple-speaker units installed 
in different locations in a large hall. 


4.7.11 RESONANCE TESTS. Because of its broad 
frequency spectrum, noise can sometimes simplify the 
search for resonant conditions in a system. i2The 
resonance produces a peak in the frequency spectrum, 


which can be observed in oscillographic displays. 


4.7.12 OTHER USES. The noise generator can also 
be used in crosstalk measurements !3, for maski ng 
crosstalk in multichannel communication systems !‘, to 
drive vibrators in component testing !>, for noise factor 


16 La 


comparison tests °°, or distortion measurements 


USL Beranek, Acoustic Measurements, New York, 
John Wiley, 1949, pp. 665-668 and 697-702. 

12 Emory Cook, “White-Noise Testing Methods”, Audio 
Engineering, Vol. 34, No. 3, March 1950, pp. 1 

13 J. P. Vasseur, “Les foisceaux hertziers a courants 
Pporteurs devant les recommandations du C.C.I.F.”, 
Annales de Radioelectricite, Vol. 9, No. 35, Janu- 
ary 1954, pp. 47-82and EIA Standard RS-252,‘‘Base 
band Characteristics of the Microwave Radio and 
Multiplex Equipment,’’ October, 1961. 

144. J. Aikens and C. S. Thaeler, “Noise and Cross- 


talk on N1 Carrier Systems”, Electrical Engineering, 
Vol. 72, No. 12, December 1953, pp. 1075-1080. 


Me J. Robbins, “Scandardized White Noise Tests”, Elec- 


10 


tronic Industries & Tele-Tech, Vol 16, No. 2, February, 
1957, pp. 68-69. 


S. H. Crandall, ed., Random Vibration, Cambridge, 

Massachusetts, The Technology Press of MIT, 1958. 

16TRE “Standards on Electron Devices: Methods of 
Measuring Noise”, Proceedings of the IRE, Vol. 41, 


No. 7, July 1953, pp. 891-896. 


174, P. G. Peterson, ‘* Intermodulation Distortion,”’ 
1957 IRE National Convention Record, Vol. 5, Part 7, 
March, 1957, pp 51-58. 

J. S. Murray and J. M. Richards, ‘‘Non-linearity 
Distortion Measurements,’’ Wireless World, Vol. 69, 
No. 4, April, 1963, pp 161-165. 
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SERVICE AND MAINTENANCE 


bol. SERVICE. 
attests the quality of materials and workmanship in 


The product warranty stated above 


When difficulties do occur, our service 
If the dif- 


ficulty cannot be eliminated by use of the following 


our products. 
engineers will assist in any way possible. 


service instructions, please write or phone our Service 
Department (see rear cover), giving full information of 
the trouble and of steps taken to remedy it. Be sure 
to mention the serial and type numbers of the instru- 
ment. 

Before returning an instrument to General Radio 
for service, please write to our Service Department or 
nearest Sales Engineering Office, requesting a “Re- 


> 


turned Material Tag.” Use of this tag will ensure pro- 


per handling and identification. For instruments not 
covered by the warranty, a purchase order should be 


forwarded to avoid unnecessary delay. 


5.2 MINIMUM-PERFORMANCE STANDARDS. 
5.2.1 Equipment Required. 

A true-rms ac voltmeter, such as the Hewlett- 
Packard Model 3400 or equivalent, is required for the 
following minimum-performance tests. (A 776-A BNC- 
to 274 Patch Cord can be used to connect the Model 
3400 Voltmeter to the 1390-B.) 


5.2.2 OPEN-CIRCUIT OUTPUT-VOLTAGE TEST. 
a. Connect the rms voltmeter to the OUTPUT 
terminals of the 1390-B. 
b. Set the 1390-B as follows: 


RANGE —---— 20 kHz 
MULTIPLY BY —-—-—-—- 1.0 
LOW-HIGH —--—-—- HIGH 
OUTPUT —-—--- Fully clockwise 
POWER —-——-—- ON 


c. Both the rms voltmeter and the panel volt- 
meter on the 1390-B should read 3.0 V or higher. 

d. Change the RANGE switch to 500 kHz. The 
voltmeters should now read 2.0 V or higher. 

e. Set the RANGE switch to 5 MHz. The volt- 
meters should now read 1.0 V or higher. 
5.2.3 OUTPUT ATTENUATOR CHECK, 20 kHz. 
a. Set the 1390-B as follows: 


RANGE —-—-—-- 20 kHz 
MULTIPLY BY —-—--—— 1.0 
LOW-HIGH —-—-——— HIGH 


b. Connect the rms voltmeter to the OUTPUT 
terminals of the 1390-B and set the OUTPUT control 


to give a reading of 3.0 V on the 1390-B meter. Note 
the reading of the rms voltmeter. 

c. Set the MULTIPLY BY switch to 0.1 and re- 
set the OUTPUT control for 3.0 V on the 1390-B 
meter. The rms voltmeter should now read 1/10, +#3% 
of the previous reading. 

d. Repeat this check with the MULTIPLY BY 
switch at .01, .001, and .0001. The rms voltmeter 
readings should drop by a factor of 10, 13% for each 
step. 


5.2.4 OUTPUT ATTENUATOR CHECK, 5 MHz. 
a. Set the 1390-B as follows: 


RANGE —--—-—-— 5 MHz 
MULTIPLY BY —--—-—— 1.0 
LOW-HIGH ——-—-—— HIGH 


b. Set the OUTPUT control for a reading of 1.0 
V on the 1390-B meter. Follow the procedure of para. 
5.2.3 except allow a +10% tolerance for each step. 


5.2.5 HIGH-LOW CHECK. 
a. Set the 1390-B as follows: 


RANGE —-——-- 20 kHz 
MULTIPLY BY —-—-——-— 1.0 
LOW-HIGH —~—--—-— HIGH 


b. With the rms voltmeter connected to the OUT- 
PUT terminals on the 1390-B, set the OUTPUT con- 
trol for a reading of 3.0 V on the rms voltmeter. 

c. Change the HIGH-LOW switch to LOW. The 
rms voltmeter should now read between 0.3 and 0.6 V. 


5.3 ACCESS TO COMPONENTS. To remove the shield, 
loosen the two fluted locking screws onthe back of the 
instrument. These will unlock on the first turn, but 
should be loosened the maximum amount before the 
shield is removed. Pull the shield straight back from 
the panel. 


5.4 PRELIMINARY CHECKS. 


is inoperative, make the following checks before re- 


If the noise generator 
moving the case. Make sure that the ac supply is 
plugged into a live power line, that the power switch is 
turned to the POWER position, that the output control 
is turned up, that the time-delay relay is operative, 
and that the fuses are not open. 


5.5 TUBE REPLACEMENT. Since the vacuum tubes 
have a shorter life on the average than the other com- 
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ponents used in the instrument, they should be tested 
if the instrument is still inoperative after the above 
checks have been made. 

The Type 6D4 Gas Triode used as the noise 
source is aged and selected for uniformity of the noise 
spectrum and for good amplitude characteristics. If 
the tube has deteriorated and must be replaced, some 
selection among different tubes of this type may be 
necessary to find a satisfactory replacement. Use a tube 
by the same manufacturer. 


5.6 HEATER VOLTAGE OF TYPE 6D4 GAS TUBE. 
The potentiometer at the rear of the chassis is for set- 
ting the heater voltage of the gas tube. Qver certain 
ranges of heater voltage, some gas tubes will “sputter”. 
The meter indication on the 20-kc range will often re- 
the meter 
When sputter- 


veal this sputter. Under normal conditions, 
reading fluctuates two or three percent. 
ing occurs, the meter reading may fluctuate 10 percent 
The sputtering is more easily detected by ob- 


servation of the noise pattern on an oscilloscope or by 


or more. 


ear with a good pair of earphones. The heater voltage 
should be set so that this sputtering does not occur. 
Some selection among tubes of this type may be neces- 
sary to find a tube that is free from sputtering. 


5.7 VOLTAGE MEASUREMENTS. The adjacent tables 
give test voltages for aid in troubleshooting: 


Tl TRANSFORMER MEASUREMENTS 


AC Volts 


10 and 11 120 
5 and 6 Ny 
6 and 7 a7; 
8 and 9 6.3 


5.8 VOLTMETER CALIBRATION. To calibrate the 
voltmeter proceed as follows: 

a. Remove all external connections from the Type 
1390-B, including the power cable. 

b. Zero the mechanical zero of the meter. 

c. Set the OUTPUT control fully clockwise. 

d. Set the MULTIPLY BY switch to 1.0. 

e. Apply 3.0 volts at IKC from the GR Type 1304-B 
or equivalent to the Type 1390-B output terminals. 
The meter must read upscale. 

f. Adjust potentiometer R103 (Figure 10) to obtain 
a reading of 3.3 on the panel voltmeter. 

g. Apply 3.0 volts at SOOKC from an oscillator 
with low distortion, using open leads, to the Type 
1390-B output terminals and observe that the meter 
reads between 3.2 and 3.4. 

h. Apply 3.0 volts at 5Mc, using open leads, and 
observe that the meter reads between 3.0 and 3.6. 


TABLE OF VOLTAGES 


V1 


V3 
(6AQ5) 5.5 
20 
13.4 
230 (A) 
215 (B) 


45 (C) 


v4 
(6AQ5) 


150 (A) 
Chas 150 (B) 
(cont.) 110 (C) 


V5 
(115NO30T) 
NOTES 


Voltages are measured with a 20,000-ohms-per-volt voltmeter 
and are de with respect to ground unless otherwise stated. 

(A) S3 25 Mc 

(B) S3 = 500 ke 

(C)\S3°='20 ke 

* Voltages are measured with a 1000{)/volet rectifier meter, 
and are with respect to terminal 11 on transformer T1. 
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Ref Des Description 
CAPACITORS 

Cl Electrolytic, 25/25 pF 200 V 
C2 Electrolytic, 50/25/25 pF 450 V 
C3 Electrolytic, 50/25/25 uF 450 V 
C4 Electrolytic, 1500/750/750 pF 25 V 
CS Ceramic, 1.0 pF +10% 

C6 Plastic, 47 uF +10% 

C7 Electrolytic, 15 pF 300 V 

C8 Electrolytic, 50/25/25 pF, 450 V 
c9 Mica, 845 pF, #2%, 50C V 
C10 Mica, 470 pF +10% 

Cll* Mica, 0.0033 uF, +10%, 500 V 
C12 Mica, 300 pF +10% 

(Gilg! Ceramic, .01 pF +80-20% 
C14 Trimmer, 5-20 pF 

C15 Plastic, .33 uF +10% 

C16 Electrolytic, 1500/750/750 uF 25 V 
Cli Ceramic, .01 pF +80-20% 
C18 Ceramic, 50 pF +10% 

C19 Ceramic, 50 4570-13 

C20 Ceramic, 50 pF +10% 

rebar Mica, 470 pF, +10%, 500 V 
G22 Ceramic, 68 pF, +10%, 500 V 
C23 Ceramic, 470 pF, +5%, 500 V 
C100 Ceramic, 6.8 pF +5% 

C101 Electrolytic, 100 pF, 15 V 
C102 Electrolytic, 100 uF, 15 V 
DIODES 

CR100 Diode, Type 1N995 

CR1O1 Diode, Type 1N995 

RESISTORS 

Rl Power, 470 Q +5% 

R2 Power, 330 Q +5% 

R3 Power, 220 2 +5% 

R4 Composition, 5.1 kQ +10% 

RS Composition, 10 kQ +10% 

R6 Composition, 10 kQ +10% 

R7 Composition, 56 2 +5% 

R8 Pot. Wirewound, 500 2, +10% 
R9 Composition, 150 kQ +5% 
R10 Composition, 16 kQ +5% 

Rll Composition, 330 2 +5% 

R12 Power, 100 2 +5% 

R13 Composition, 2.2 kQ +5% 

R14 Composition, 56 2 +5% 

R15 Composition, 56 kQ +5% 

R16 Composition, 330 2 +5% 

R17 Composition, 68 Q +5% 

R18* Composition, 22 kQ +5% 

R19 Power, 2.2 kQ 5% 

R20 Composition, 470 kQ +5% 
R21 Composition, 56 Q +5% 

R22 Composition, 180 2 +5% 

R23 Composition, 150 Q +5% 

R24 Power, 15 kQ +5% 

R25 Composition, 1 kQ +5% 

R26 Composition, 1 kQ +5% 

R27 Composition, 220 2 +5% 

R28 Composition, 5.1 kQ +10% 
R32 Power, 1.5 2 45% 

R33 Potentiometer, 2.5 kQ +10% 
R34 Wire Wound, 5.8 Q +10% 

R35 Film, 2 kQ +1% 

R36 Film, 2 kQ +1% 

R37 Film, 2 kQ 41% 

R38 Film, 2 kQ +1% 

R39 Film, 2 kQ +1% 

R40 Film, 2 kQ +1% 

R41 Film, 2 kQ 41% 

R42 Film, 2 kQ +1% 

R43* Comp., 1 kQ, +5% 

R1OO Composition, 2.7 kQ +5% 
R101 Composition, 4.3 kQ +5% 
R102 Composition, 5.1 kQ +5% 
R103 Potentiometer, Composition, 5 k2 +20% 


TYPE 1390-B RANDOM-NOISE GENERATOR 


ELECTRICAL PARTS LIST 


“ Factory may have added a shunt component. If tube V2 is re 
placed, it may be necessary to remove the shunting component 


GR Part No. 


4450-3300 
4450-0800 
4450-0800 
4450-0700 
4400-0100 
4860-5800 
4450-1600 
4450-0800 
4690-4073 
4660-5400 
4570-1333 
4660-4600 
4406-3109 
4910-0400 
4860-5700 
4450-0700 
4406-3109 
4400-4400 
4400-4400 
4400-4400 
4660-5400 
4404-0688 
4404-1475 
4400-0680 
4450-2800 
4450-2800 


6082-1002 
6082-1002 


6640-1479 
6640-1339 
6640-1229 
6110-2515 
6120-3109 
6120-3109 
6100-0565 
6050-1100 
6100-4155 
6100-3165 
6100-1335 
6640-1105 
6100-2225 
6100-0565 
6100-3565 
6100-1335 
6100-0685 
6100-3225 
6640-2225 
6100-4475 
6100-0565 
6100-1185 
6100-1155 
6660-3155 
6110-2109 
6100-2105 
6100-1225 
6110-2515 
6640-9155 
6000-0400 
6760-9689 
6350-1200 
6350-1200 
6350-1200 
6350-1200 
0700-3520 
0700-3520 
0700-3520 
0700-3510 
6099-2105 
6100-2275 
6100-2435 
6100-2515 
6040-0600 
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Fed 


Mfg Code 


37942 
56289 
56289 
90201 
78488 
84411 
37942 
56289 
00656 
72136 
14655 
72136 
72982 
72982 
84411 
90201 
72982 
72982 
72982 
72982 
72136 
72982 
72982 
78488 
56289 
56289 


80368 
80368 


24655 
24655 
24655 
01121 
01121 
01121 
01121 
12697 
01121 
01121 
01121 
75042 
01121 
01121 
01121 
01121 
01121 
01121 
24655 
01121 
01121 
01121 
01121 
75042 
01121 
01121 
01121 
01121 
24655 
12697 
75042 
75042 
75042 
75042 
75042 
24655 
24655 
24655 
24655 
75042 
O1121 
01121 
01121 
01121 


Mfg Part No. 


104110G1S3C1X1 
D28936 

D28936 
203828S10C10X2 
GA, 1.0 pF +10% 
663UW, 47 pF +10% 
204009854C2X2 
D28936 

CM20E, 845 pF, +2% 
CM-15E, 470 pF +10% 
5A, 0.0053 pF, +10% 
CM-15E, 300 pF +10% 
811, 000X5U103X 
TS2AN300, 5-20 pF 
6205033 MFPORM 
203828S10C10X2 
811, 000X5U103X 
315N750, 50 pF +10% 
315N750, 50 pF +10% 
315N750, 50 pF +10% 
CMIS5E, 470 pF 

831, 68 pF +10% 
831, 470 pF, +5% 
GA, 6.8 pF +5% 
D17872 

D17872 


1N995 
1IN995 


6640-1479 
6640-1339 
6640-1229 
RC32GF512] 
HB, 10 kQ +10% 
HB, 10 kQ +10% 
RC20G F560] 
43WX, 500 Q 
RC20GF154J 
RC20GF163] 
RC20GF331]J 


1 3/4A 12 AB, 100 2 +5% 


RC20GF 222] 
RC20GF560] 
RC20GF563] 
RC20GF331J 
RC20G F680] 
RC20G F223] 
6640-2225 
RC20G F474] 
RC20GF560] 
RC20GF181] 
RC20GF151] 
AS-5, 15 kQ 45% 
GB, 1 kQ +5% 
RC20GF102] 
RC20GF221] 
RC32GF512] 
6640-9155 
53MS, 2.5 kQ 410% 
BWH, 6.8 Q +10% 
CEB, 2 kQ +1% 
CEB, 2 kQ +1% 
CEB, 2 kQ +1% 
CEB, 2 kQ +1% 
0700-3520 
0700-3520 
0700-3520 
0700-3510 

BTS, 1 kQ, +5 
RC20GF272] 
RC20G F432] 
RC20GF512] 
FWC, 5 kQ 420% 


Fed Stock No. 


5910-978-2426 
5910-970-1589 
5910-970-1589 
5910-976-9415 
5910-981-3425 
5910-961 -6230 
5910-034-5370 
5910-970-1589 


5910-668 -5732 


5910-034-5426 
5910-754-7049 
5910-034-5429 
5910-950-3296 
5910-977-7579 
5910-754-7049 
5910-976-9413 
5910-976-9413 
5910-976-9413 
5910-034-5425 


5910-034-5368 
5910-034-5368 


5905 - 712-8330 
5905 -977-7584 
5905 -977-7585 
5905 -279-2591 


5905 -279-1897 
5905-797-1056 
290552992522 
5905 -279-3501 
5905 -192-3971 
DLO SIT T7582 
5905=279-1.876 
5905-279-1897 
5905-171-1986 
5905 -192-3971 
SP 0SRLOS=S571 
5905-171-2004 
5905 -034-5382 
O0Ss27 9 =2ole 
5905 -279-1897 
5905-279-3514 
5905 -299-1541 


5905-195-6806 
5905 -279-3513 
9905=279-22591 


5905 -034-5378 
5905-930-2613 
5905-538-3516 
5905-538-3516 
5905-538-3516 
5905-538-3516 
5905 -885-0362 
5905 -885-0362 
5905-885-0362 
5905-885 -0363 
5905 -681-6422 
5905 -279-1880 
5905 -257-0935 
5905 -279-2019 
5905 -034-5374 
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GENERAL RADIO COMPANY 


ELECTRICAL PARTS LIST (cont) 
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Fed 
Ref Des Description GR Part No. Mfg Code Mfg Part No. Fed Stock No. 
MISCELLANEOUS 
Fl Fuse, 185 V 5330-1100 71400 MDL, 0.6 Amp 5920-280-3161 
Fuse, 230 V 5330-0800 71400 MDL, 0.3 Amp 5920-235-8362 
F2 Fuse, 115 V 5330-1100 71400 MDL, 0.6 Amp 5920-280-3161 
Fuse, 230 V 5330-0800 71400 MDL, 0.3 Amp 5920-235-8362 
1p Binding Post 0938-3000 24655 0938-3000 
j2 Binding Post 0938-3022 24655 0938-3022 
Ll Inductors, 22 uH +10% 4300-2600 99800 1537, 22 pH 410% 5950-668-5867 
1) 56000 pH 410% 4300-6397 24759 CHM=56,000 pH 5950-586-3459 
L3 Inductors, .S5 mH 4290-4700 42498 RSO, .5 mH 5950-794-3455 
L4 Choke Air Core, 0.5 mH 4290-4700 42498 R50, 0.5 uH 
M1 Meter 5730-0920 24655 5730-0920 6625-882-3153 
EL Pilot Light 5600-0700 24454 MAZDA, 44 6240-057-2887 
RX1 Rectifier 6081-1002 09213 1N3254 5961 -082-3988 
RX2 Rectifier 6081-1002 09213 1N3254 5961-082 -3988 
RX3 Rectifier 6081-1001 79089 1N3253 5961-814-4251 
RX4 Rectifier 6081-1001 79089 1N3253 5961-814-4251 
Sl Switch 7910-1300 04009 83053-SA 5930-909-3510 
S2 Switch 7890-1800 76854 Type HC 5930-357-1599 
S3 Switch 7890-1810 76854 Type HC 5930-289-9872 
S4 Switch 7890-1820 76854 Type HC 5930-289-9873 
amt Transformer 0485-4970 24655 0485-4970 5950-994-4580 
V1 Tube 8330-0300 70563 3-4 
V2" Tube 8360-8110 33173 OoD4 
V3 Tube 8360-1500 24446 6AQ5 
V4 Tube 8360-1500 24446 6AQ5 5960-166-7673 
VS Tube 8370-1100 70563. LISNO30T 5945 -606-2903 
* For instruments with 10 # 4627 or higher, the Sylvania 604 tube 
(P/N 8360-4500) has been replaced by a G.E. 6D4 tube (P/N 8360- 
8110). Always make replacements with tubes of the same manufac- 
turer. 
MECHANICAL PARTS LIST 
Fed 
Name GR PartNo. MfgCode Mfg Part No. Fed Stock No, 
Etched Circuit Asm. Comp. 1390-2700 24655 1390-2700 
Switch Assembly 1390-3040 24655 1390-3040 
Power Cable 4200-9622 24655 4200-9622 6150-968-0081 
Connector, Power Plug 4240-0600 24655 4240-0600 5935 -816-0254 
Dust Cover Assembly 4429-0400 24655 4429-0400 
Feet, Black Neophrene 5260-0700 24655 5260-0700 5340-738-6329 
End Frame Asm, Right 5310-4086 24655 5310-4086 
End Frame Asm, Left 5310-4087 24655 5310-4087 
Knob, Bar 5520-5320 24655 5520-5320 
Knob, OUTPUT 5520-5321 24655 5520-5321 
Pilot Light, Lens 5620-0300 72765 25P Unfluted PSP-70 6210-299-3902 
Pilot Light Socket Asm. 7510-1930 24655 7510-1930 6210-475-9501 
Fuse holder 5650-0100 71400 HKP-H 5920-284-7144 
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Bottom Interior View. 


Figure 11. 


Figure 10. Top Interior View. 
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TYPE 1390-8 RANDOM-NOISE GENERATOR 


Rotary switch sections are shownas viewed from the 
panel end of the shaft. The first digit of the contact 
number refers to the section. The section nearest 
the panel is 1, the next section back is 2, etc. The 
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Special Request to the User of This Instrument 


We believe that the most effective way to make our products more useful is to learn from the 
experience and opinions of those who use them. For this reason we have included a questionnaire 
at the rear of this manual. Your answers to the questions contained, based on your experience in 
using this instrument, will be of great value to General Radio engineers and other personnel con- 
cerned with new products. Such comments will have a strong influence on the direction of future 
development work. The resulting better products will benefit our customers as well as ourselves. 


The questionnaire is its own postage-paid envelope. Simply fold as directed, staple, and mail. 


Any information you supply will not go outside our Company without your specific authoriza- 
tion. Your reply will be acknowledged, and your questions answered by GR engineers concerned 
with this instrument. May we have your comments? 
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SPECIFICATIONS 


ange: With potentiometer furnished, 0 to 40 
| recording (20-db and 80-db potentiometers 
vailable); 0 to 0.8 volt (at 1000 ohms) full 
de recording with zero input position adjust- 
ull scale. 


Response 
20 cps to 200 ke (within 3 db). 


order: 0 to 10 cps (peak-to-peak amplitude 
25% of full scale). 


ter Linearity 


ecorder: 


Qecorder: +1% of full-scale db value plus a 


error of 0.5 db at 100 ke and 1.5 db at 200 


order: +1% of full scale. 
+0.25% of full scale. 


iput Voltage: 100 volts, ac. 


60 db in 10-db steps. 


dance: 10,000 ohms for ac level recorder; 
for de recorder. 


vator: 


ensitivity: 1 millivolt at 0 db for level re- 
3 volt full scale for de recording. 


peeds: 2.5 inches per minute to 75 inches 
A slow-speed motor to provide speeds of 
iches per hour is available as an alternate. 


Speed: 1, 3, 10, or 20 inches per second 
ely), with overshoot less than 1 db. 


or or Analyzer Drive: Order Type 1521- E408 


and appropriate link unit. 

DC Reference: Internal terminals are pro- 
n external de voltage, which can be substi- 
e l-volt internal de reference. The recorder 
te properly over a 3:1 reference-voltage 


range (0.5 to 1.5 volts). If this reference voltage is 
derived from the source of energy in the system under 
test, variations of up to 3:1 in the source output can 
be eliminated from the recording. 


Detector: Quasierms; within 0.25 db of rms for mul- 
tiple sine waves, square waves, or noise. Detector 
operating level is 1 volt. 


Chart Paper: 4-inch recording width on 5-inch paper, 
Charts have 8 major divisions, 40 total divisions on 
vertical scale, except 1521-9427, which has 80 total 
divisions, and 1521-9466, which has 50. 


Accessories Supplied: 40-db potentiometer, 2 pens, 
2-ounce bottle of red ink, 2-ounce bottle of green ink, 
bottle of poteritiometer cleaner, 1] roll of 1521-9428 
paper, droppers for filling pens, CAP-22 Power Cord, 
spare fuses, adaptor cable for connection to sound- 
measuring equipment and other devices having tele- 
phone jacks. 


Accessories Available: Potentiometers, charts, ink, 
slow-speed motors, drive and link units, as listed in 
price table. 


Power Requirements: 
volts, 60 cps, 35 watts. 
able; see price list below. 


Cabinet: Rack-bench. 


105 to 125 (or 210 to 250) 


50-cycle models are avail - 


Dimensions: Bench model -- width 19, height 9, depth 
13 1/2 inches (485 by 230 by 350 mm), over-all;-rack 
model -- panel 19 by 8 3/4 inches (485 by 225 mm), 
depth behind panel 11.1/4 inches (290 mm). 

Net Weight: 50 pounds (23 kg). 

Shipping Weight: 64 pounds (29 kg). 

U.S. Patent No.: 2,581,133. 


‘ General Radio Experimenter Reference: Volume 33, No. 


6, June 1959 
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TYPE 1521-A 
GRAPHIC LEVEL RECORDER 


Section 1 


INTRODUCTION 


E. The Type 1521-A Graphic Level Re- 
e 1.1) produces a-permanent ink record of 
ac voltages, at frequencies from 20 cps to 
race, which is proportional to the logarithm 
input level, and hence linear in decibels, 
ed as a function of time, on translucent 
When the recorder is set up to drive the 
‘xternal oscillator, it automatically plots 
quency, yielding a permanent record with 
and effort. The translucent paper permits 
of one recording over another for compari- 
g width is four inches. 

Titing speed in conjunction with a wide 
ith enables the Type 1521-A to record rap- 
signal levels from the outputs of various 
1 electroacoustic devices. Writing speed is 
for most reverberation-time measurements. 
rpe 1521-A can also be used as a dec re- 
in input-voltage range of 0 to 0.8 volt. 


.L DESCRIPTION. (See Figure 1.2.) The 
is a servo-type recorder. The input signal 
h am input-step attenuator to a potentiom- 
S automatically positioned to maintain a 
y ac signal at the wiper arm output. This 
> is amplified and then rectified by a quasi- 


(refer to paragraph 4.3). The detector’s dc. 


e is compared with a l-volt reference, and 
> (error) voltage is amplified by a dc am- 
push-pull output current from the de am- 


plifier passes through the drive coil, which is suspended 
in a magnetic field. The interaction between the coil 
current and the magnetic field moves the wiper arm to 
reduce the error voltage to zero (null condition), and 
also positions the pen mounted on the coil assembly. 
Since potentiometer output is a constant 1 mv at null, 
the attenuation of the input potentiometer is directly 
proportional to the level of the input signal. By suitable 
shaping of the potentiometer, a scale linear in db is 
achieved. 

A feedback voltage, proportional to velocity, is 
subtracted from the error signal at the input to the dc 
amplifier. This voltage provides damping so that the 
drive coil will not oscillate, and varies the servo band- 
width and maximum writing speed. 


The moving drive coil, then, responds to changes 
in the input level of a voltage applied to the recorder, 
and a pen fastened to the coil will trace out these 
changes on paper. For instance, if the input level in- 
creases by 10 db, the drive coil (along with the pen) 
moves the potentiometer wiper arm to restore the voltage 


ERROR 
VOLTAGE 


Figure 1.2. Bice eiCiaacom of Recorder. 
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GENERAL RADIO COMPANY 


1 to about 1 mv. Since the potentiometer is 
, the wiper arm moves downscale 10 db, in- 
level change of 10 db directly on the chart 


Type 1521-A responds to the rms level of the 
‘m, and is less influenced by the waveshape 
ut signal than it would be with a peak- or 
sponse detector. The rms response is particu- 
| in noise measurements, where peak response 
se large errors in measurement. 


1 used as a level recorder, the Type 1521-A 
ut impedance of 10,000 ohms. This impedance 
sreased, at a sacrifice of sensitivity, by the 
a series resistor at the input. 

1 the recorder is used as a dc recorder, the 
er is bypassed and a linear potentiometer is 
input impedance of the dc recorder is 1000 


NG SPEED. The maximum writing speed 
pen velocity) is 20 in./sec for 0.1 inch over- 
e corresponding servo bandwidth for small- 


amplitude variations is from de to 10 cps. This band- 
width determines the ability of the recorder to follow 
changes in input level, and is not related to the fre- 
quency of the ac input signals. With a fast writing speed, 
the pen should follow any level variations normally 
encountered in level recording. Such fast speed can, 
however, present too much information, as, for instance, 
in a loudspeaker frequency response curve recorded in 
a small reverberant room. Filtering can be added to 
smooth the rapid level fluctuations to obtain an averaged 
response of the loudspeaker. This filtering is accom- 
plished by reduction of the servo bandwidth and maxi- 
mum writing speed. 


1.4 PAPER SPEED. The paper is driven by a synchro- 
nous motor, at speeds of 2.5, 7.5, 25, or 75 in./min. 
(An alternate motor is available for speeds from 2.5 to 
75 in./hr). The direction of paper drive can be reversed. 


1.5 ACCESSORIES. The following tables list the ac- 
cessories supplied with the recorder and those available 
from General Radio. 


TABLE 1.1 
ACCESSORIES SUPPLIED 


Figure 1.3 Ref. 
1 


pens 


cleaning wires 


pen caps 


eyedroppers 


power cord 


recording paper 


patch cord 


Accessory 


ink (2-0z bottle) red 


ink (2-0z bottle) green 


40-db logarithmic pot. 


fuses (0.5 amp for 115V model) 
(0.25 amp for 230V model) 


potentiometer cleaner and 
lubricant (2-0z bottle) 


2 


1521-3490 


1521-4090 


1521-4091 


1521-4190 


CAP-22 


1521-P2 


1521-9428 


5330-1000 or 
5330-0700 


1560-9695 


1521-4200 
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GENERAL RADIO COMPANY 


TABLE 1.2 
ACCESSORIES AVAILABLE 


1521-P 1 20-db logarithmic pot. Recording 20-db range of input 


voltage level. 


1521-P3 80-db logarithmic pot. Recording 80-db range of input 


voltage level. 


1521-P4 linear pot. Recording de. 
1521-4092 : ink (16-06z bottle) red. 
1521-4093 ink (16-oz bottle) green. 


1521-P20 slow-speed motor (60 cps), Chart speeds from 2.5 to 
75 in./hr. 


1521-P22 slow-speed motor (50-cps). Chart speed’s from 2.5 to 75 


in./hr, from 50-cps power. 


1521-P10B drive unit (15, Fig. 2.3). Provides coupling to link unit 
, on external instrument. Combi- 
nation of drive unit and link 
unit synchronizes external fre- 
quency dial to special recdrding 
paper listed below. 


1521-P15 link unit (1, ig. 2.3) For coupling to Type 1304-B 
(complete with chain). Beat-Frequency Audio Generator 
and Type 1554-A Sound and 
Vibration Analyzer. 


1521-P 16 sprocket kit for -P15 Provides choice of scale factors 
link unit. (refer to General Radio Catalog). 


12 \-Bales.. link unit (complete For coupling to Type 760 
with chain), Sound Analyzer. 


1521-9427 chart paper (Fig. 1.4). Calibrated 20 cps to 20 kc, logar- 
ithmic, 9 inches, repeating every 
13 1/2 inches; for use with Type 
1304-B Beat-Frequency Audio 


Generator. 


1521-9429 chart paper. Calibrated 25 to 7500 eps in 1/3- 
decade segments 2 1/4 inches 
long, for use with Type 760-B 
Sound Analyzer. 


1521-9463 chart paper (Fig. 1.5). Calibrated 25 to 25,000 cps, re- 
peating every 21 inches, for use 
with Type 1554-A and 1564-A Sound 


and Vibration Analyzer. 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


TABLE 1.2 - ACCESSORIES (Cont) 


Part No. 


1521-9465 chart paper. Calibrated 0 to 50 kc, linear, 10 inches, 
repeating every 16 inches; for use with 


Type 1900-A Wave Analyzer. 


1521-9464 chart paper. Calibrated 0 to 10 kc, linear, repeating 
every 20 inches; for use with Type 
1900-A Wave Analyzer. 


1521-9493 chart paper. Calibrated 2.5 to 25 (normalized dec- 
ades) for use with Type 1564-A Sound 
and Vibration Analyzer, 7% inches per 
decade, repeating every 9 inches. 


1521-9428 chart paper. Linear time base, 1] division = % inch; 
for ac or de records as a tunction of 
time. ; 


1521-9466 chart paper. Linear time base, 1| division = 5/8 
inch; 10 major divisions, 50 total 
divisions. For use with Types 1134-A 
and 1136-A Digital-to-Analog Converters. 
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Figure 1.4. Type 1521-9427 Chart Paper. 
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Section 


a 


INSTALLATION 


ERAL. 


UUNTING. The recorder should be mounted so 
reasonably level during operation. Two models 
strument are available: The Type 1521-AM for 
punting, and the Type 1521-AR for relay-rack 
_ The bench model can be rack-mounted if the 
‘S are removed. 


= use of transistors in the recorder makes ven- 
ess of a consideration than it would.be with 
ubes, but operation at high temperatures (above 
; not recommended. 


PER LOADING (Refer to Figure 2.1). To load 
Jer with paper, proceed as follows: 


move the two thumb screws (1, Figure 2.1), and 
ie paper cover (2). 
ll out the spring-loaded paper knob (3), and in- 


sert the roll of paper, with the loose end at the bottom, 
facing in toward the recorder. 

c. Grasp the pen (4) and swing it up, away from the 
drum. 

d. Guide the paper under and around the drum, using 
the left hand. 

e. Set the gear-shift lever to N and turn the MANUAL 
SET knob clockwise with the right hand. Let the pins 
pull the paper only as far as the pen. 

f. Attach the paper cover-(2) and fasten it with the 
two thumbscrews. 

g. Move the paper along by turning the MANUAL SET 
knob, guiding the edge under the pen (4) and rollers (5). 
The paper should go over the top of the paper cover and 
under the tear gate (6). It may be necessary to push down 
slightly on the paper cover. 

h. To tear the paper, lift it from one edge against the 
tear gate. The paper cover provides a convenient writing 


surface. 


Figure 2.1. Front Oblique View 
of Recorder. 


Thumb Screws 

Paper Cover 

Paper Knob 

Pen 

Rollers 

Tear Gate 

Thumb Screws 
Potentiometer Input Plug 
Potentiometer Selector Switch 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


Top View of Recorder. 


minal Strip 
inting Screws 


nnector 
meplate 


eter Selector Switch 
t Connector 

Voter Switch 
tiometer Connector 
JOT Adjustment 


djustment 


NG'PEN. To fill the pen, first remove the 
y by pulling it gently from its clamping 
remove the cap, and, using the eyedropper, 
10 more than 4/5 full with the ink supplied. 
the cap, pivot the pen holder up, and push 
nbly back into place, with its point held in 
1e front mounting fork. 


CAUTION 

nly the type of ink supplied by Gen- 
.adio Company. Other inks may dry, 
ing the pen. When replacing the cap, 
sure thatthe air hole is not clogged. 
does not flow through the capillary 
o the point, the air may be removed 
the eyedropper. 
from the paper) until making a re- 

1g. 

LLING POTENTIOMETER. A 40-db poten- 
upplied installed in the recorder. Two other 


Leave the pen up 


potentiometers and. a linear potentiometer 
lable. Select a logarithmic potentiometer on 


the dynamic range of input levels to be re- 


to Table 2.1), and select the linear unit for 


tentiometers can be installed without re- 
instrument from its case. When changing po- 
remove the unit to be replaced as follows: 
input plug (8, Figure 2.1) and loosen the 
b screws (7) enough to free the potentiom- 
emove the potentiometer by withdrawing it 
pening in the front panel. On linear potenti- 


oom 7] 
914 


1 salty 


ometers, a Jones connector on the left-hand side must 
be unplugged before the potentiometer can be removed. 
To install a potentiometer, proceed as follows: 

a. Set the potentiometer selector switch (9) to the 
position corresponding to the potentiometer being in- 
stalled. The pins at the rear of the potentiometer case 
are guide pins that clear the selector switch only if it is 
set properly. 

b. Move the input plug and cable out of the way, and 
insert the potentiometer through the panel opening. Two 
locating pins on the bottom of the potentiometer and 
mating holes in the shelf assure proper seating of the 
unit. When the potentiometer is in place (see Figure 
2.1), tighten the thumb screws (7) and connect the input 
plug (8). With a linear potentiometer, connect the Jones 
plug in the mating socket (10, Figure 2.2). 


TABLE 2.1 


POTENTIOMETER INPUT-LEVEL RANGES 
Input Voltage Range Recorded on 4-in. Paper 


Attenuator Setting 


Imvy - 10v A ACOnW tele ew 

3mv - 30v 3-300mv 
10mv - 100v 10mv - lv 
30mv-100v*| 30mv -3v 
100mv - 100v* 
300mvy - 100v* 


1- 100v* 


*Limited by attenuator power rating. 
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GENERAL RADIO COMPANY 


STOR INSTALLATION. A 
motor is supplied installed in the recorder. A 
d (5-rpm) motor is also available. To change 


standard-speed 


oceed as follows: 

rove the potentiometer, as described in para- 
4. 

rove the four black thumb screws at the front 
the two at the rear of the instrument, and 
‘ecorder out from its case. 

sen the three’ screws holding the motor leads 
inal strip (1, Figure 2.2), and slip the lugs out. 
1ove the two motor mounting screws and lock 
ny: 

1ove the motor (3). 

all the new motor, positioning the mounting 
iat the bearing and screws mate with the prop- 
Fasten the motor using the screws and lock 
>moved in step d. ~ 

ten the three motor leads to the terminal strip 
ance with the color coding (R, B, G, for red, 
y) stamped on the shelf. 

lace the potentiometer as described in para- 
4, slide the instrument back into its case, and 
e six screws removed in step b. 


WER CORD. Connect the power cord to the 
g connector at the rear of the recorder (4, Fig- 
A small nameplate (5) to the right of this con- 
icates the yoltage and frequency for which the 
s wired. A good ground connection should be 
he third conductor of the power cable to pre- 
cle pickup. 


recorder, normally supplied wired for 115-volt 


can be rewired for 230-volt use as shown on 
atic diagram. 


NNECTIONS TO AUXILIARY EQUIPMENT. A 
inal INPUT connection is provided for the 
ent of ac voltages with dc potentials above 
igh dc potentials should not be applied to the 
ack input terminals, in view of the l-watt power 
esistors in the attenuator. 

the normal measurement where the low side of 
is at ground potential, connect the grounding 
enthe ground and black binding posts, and use 
d black posts as input connectors. If both in- 
als have a.dc potential above ground, remove 
ling link from the black binding post, and use 
dblack posts as input connectors. Connect the 
- ground of the circuit under test to the ground 
st. The ac impedance between the black bind- 
ad chassis ground must be low to prevent hum 
> check this, make all connections except that 
terminal, short-circuit the red and black bind- 


ing posts, turn the recorder on, and check that the pen 
moves off scale at the 0 db end of the potentiometer. It 
may be necessary to connect a capacitor between the 
black and ground binding posts to provide a low enough 
impedance for the pento move off scale. If hum pickup is 
still such that a pronounced beat occurs with a 6l-cps 
input, more capacitance should be added to lower the 
impedance. 

The connections for a typical three-terminal ac 


‘measurement are shown in Figure 2.5. 


The three-terminal INPUT is also useful for dc 
measurements, where both measurement points are above 
ground. 


2.2 LEVEL-VS-FREQUENCY RECORDING. 


2.2.1 GENERAL. The instrument is supplied set up for 
using Type 1521-9428 linear 


chart paper. Several accessories are required to convert 


time-base measurements, 


the instrument to a frequency-base level recorder 


252%2 DRIVE-UNIT INSTALLATION. The Type 1521-P10B 
Drive Unit consists of (1) gears and sprocket to cou- 
(2)ita 
clutch to permit decoupling between the recorder drive 


ple the recorder to the external instrument, 


and the sprocket, and (3) microswitches to turn the motor 
off at the two ends of the sweep. The Drive Unit may be 
installed permanently on the recorder, since the clutch 
can be used to disconnect the Drive Unit when not in 


use. ’ 
To install the Drive Unit, proceed as follows: 


a. Remove the cover plate to the right of the front 
panel opening by removing the four phillips-head screws. 

b. Connect the Drive Unit plug to the socket between 
the motor and the front panel of the recorder (8, Figure 
2.2). Snap the switch (9) next to this socket toward the 
front of the recorder to connect the microswitches into 
the motor circuit. 

c. Install the Drive Unit, using the screws removed 
in step a. Adjust the height of the Drive Unit so that the 
gears mesh with a slight amount of backlash. 


2.2.3 INSTALLATION OF LINK UNIT ON TYPE 1304-B 
BEAT-FREQUENCY GENERATOR OR TYPE 1564-A 
SOUND AND VIBRATION ANALYZER. A Link Unit, 
including sprocket and chain, must be installed on the 
frequency dial of the driven instrument to couple it prop- 
erly to the recorder. The Type 1521-P15 Link Unit (Fig- 
ure 2.3) is designed to couple the recorder to the Type 
1304-B Beat-Frequency Generator or ue Type 1564-A 
Sound and Vibration Analyzer. na 

To install the Type 1521-P15 Link Unit, proceed 
as follows: 

a. Place the Type 1304-B either above or below the 

recorder in a relay rack or on a bench (see Figure 2.3). 

The Type 1564-A should always be placed above 
the recorder (see Figure 2. 4). 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


re 2.3. Recorder Attached to 4 14 io 
pe 1304-B Beat-Frequency 2. | “a 

Audio Generator. poe 

; | 

Link Unit 4 hat 
Cam Holding Screw 6 | eminem Pine ol 
Idler Sprockets me re | | =. 
Microswitch Stops pire | 
INPUT ATTENUATION Control 3 9 
WRITING SPEED Control ee 


DAMPING Adjustment 
CALibration Adjustment 
POWER Switch E 
CHART DRIVE Switch 
Chart Speed Controls 


2 


MANUAL SET Control fe 
INPUT Terminals a pa ed we 
Drive Unit Clutch 4 ! 

Paper Knob 


Adjust the position of the Link Unit so that there is a 
slight amount of backlash when the sprocket is turned. 


d. Slip the chain over the sprockets of the Drive and 
Link Units. (See Figures 2.3 and 2.4). 

e. Tighten up any slack in the chain by first loosen- 
ing the screw (2, Figure 2.3) and then swinging the idler 
sprocket (3) to take up the slack in the chain. Tighten 
the screw (2). 


NOTE 


On some models of the Type 1304-B Gen- 
erator, the frequency dial can be rotat- 
ed 360°. With these instruments it is de- 
C sirable to remove the Drive Unit micro- . 

switches so that the frequency dial can 
Q 4 sweep the whole 360°. To cut out the 
a a ‘ : microswitches, snap the toggle switch 
. (9, Figure 2.2) toward the rear of the in- 
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we 2.4 Recorder attached to Type 1564-A 
Sound and Vibration Analyzer. 


I521-A 


LOW AC 
IMPEDANCE 
TO GROUND 
move the two screws attaching the knob and 
embly to the panel of the driven instrument, and a 

e knob and plate. : 

ing the screws removed in step b (but not the Figure 2.5 Connections for Three-Terminal 
ers), mount the Link Unit in place of the knob. AC Measurements. 
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GENERAL RADIO COMPANY 


{| CHANGING SPROCKETS ON TYPE 1521-P15 
< UNIT. A Type 1521-P16 Sprocket Kit is avail- 
for use with the Type 1521-P15 Link Unit. By 
ging sprockets, it is possible to change the length 
ie recording paper covered by a given angle of dial 
ion (refer to paragraph 3.4.5). To change the sprock- 


Loosen the setscrews and remove the knob. 

Remove the sprocket. 

Slide the new sprocket onto the shaft. 

Replace the knob. 

ure the pin on the shaft engages the key slot on the 
-ket before the setscrews are tightened. 


} INSTALLATION OF LINK UNIT ON TYPE 760-B 
ND ANALYZER. The Type 1521-P12 Link Unit is 
sned to couple the Type 760-B Sound Analyzer (now 
lete) recorder. To instal! this unit, proceed as follows: 
. Set the frequency dial to an integral setting and 
the frequency. 

. Remove one of the two screws holding the fre- 
cy pointer on the Type 760-B, and swing the pointer 
of the way of the dial. 

. Loosen the two setscrews holding the frequency 
.to its shaft, and remove theknob and dial assembly. 
areful not to move the shaft. If the shaft does turn, 


Section 


OPERATING 


CONTROLS. Tables 3.1, 3.2, and 3.3 list the func- 
; of all controls on the recorder. Study this list to 
an over-all familiarity with the instrument before 
g to operate it. 


GENERAL OPERATION. 


| PLACING RECORDER IN OPERATION. (Refer 
to Section 2 for installation instructions, including 
> of input levels with various potentiometers.) Lift 
en off the paper and set the WRITING SPEED con- 
10 a slow position (1 or 3 in./sec). This will protect 
soil assembly from banging on the stops when it is 
*don. Now the POWER switch may be turned ON. 


) APPLYING SIGNAL TO INPUT. Apply the signal 
= recorded to the INPUT terminals using a shielded 
e. (Refer to paragraph 2.1.7.) 

The ranges of input levels that can be recorded are 
min Table 2.1. Because of power ratings of the at- 
ator resistors, the input level should not exceed 100 
$. The dynamic range of input levels to be recorded 
ld be considered in the selection of the potentiome- 


10 


the analyzer can be recalibrated with a 60-cps line 
source. 


d. Install the Type 1521-P12 Link Unit on the shaft, 
and replace the pointer. 

e. Set the dial frequency to that noted in step a, and 
tighten the setscrews . 

f. Four rubber feet are supplied with the Link Unit 
to act as spacers between the analyzer and the recorder. 
Install these permanently on the bottom of the analyzer 
by means of the four wood screws supplied. 


g. Place the analyzer above the recorder and attach 
the chain to the drive and link sprockets. Move the ana- 
lyzer to take up chain slack. 

h. Disconnect the microswitches on the recorder as 


described in paragraph 2.2.3 e, NOTE. 


2.3 DC RECORDING. To prepare the recorder for de 


measurements, proceed as follows: 


a. Install the dc linear potentiometer (refer to para- 
graph 2.1.4): 


b. Set the INPUT ATTENUATOR switch to 0 db for 
maximum sensitivity. Refer to paragraph 3.5 for adjust- 
ment of DAMPING control. 


° 


3 
PROCEDURE 


ter. Choose the lowest-range potentiometer that will han- 
dle the level changes and still keep the pen away from 
the stops. This will ensure the greatest precision and | 
accuracy of the recorded level changes. 


3.2.3 POSITIONING PEN AND READING CHART. 
3.2.3.1 Absolute Level (Millivolts). Set the INPUT AT- 
TENUATOR so that pen is in the desired position on 
the paper, ensuring that the pen will stay on the paper 
during the whole recording. When an auxiliary instrument 
is to be driven, first run through a “dry recording” with 
the pen off the paper, to check the range. 

If the 0 db level has been calibrated to read 1 mv 
(refer to paragraph 3.2.7), the recorded level will be the 
sum of the INPUT ATTENUATOR reading and the chart 
reading (as noted on the front of the potentiometer), in 
decibels above 1 mv. For example, if, with the INPUT 
ATTENUATOR set at 40, the pen recorded a level of 
3 db, the recorded level would be 43 db above | mv. 

The level can be converted from db above 1 mv to 
millivolts by use of db-to-voltage conversion tables such 
as those found in the General Radio Catalog.” 
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TYPE 1521-A GRAPHIC 


-elative Level (in db with respect to arbitrary 
). Many types of measurement do not require 
te reading in volts, and it is often satisfactory 
ate an arbitrary reference as 0 db and to com- 
t readings with this level. 
s 0 db reference level can be positioned on the 
er by means of the INPUT ATTENUATOR and 
trols. If the CAL control is used, 0 db on the 
longer represents 1 mv. (Refer to paragraph 
readjustment.) 
2n a recording is made with respect to an ar- 


LEVEL RECORDER 


bitrary reference, the chart reading is simply compared 
with this reference level. If the INPUT ATTENUATOR 
setting is then changed, the change in input attenuation 
must be added to the chart reading. 

3.2.4 WRITING SPEED. The WRITING SPEED control 
adjusts the maximum pen velocity and the maximum band- 
width of the servo system. The fastest writing speed 
(20 in. ‘sec) is generally the most desirable, where the 
servo bandwidth is maximum (10 cps). The 10-in./sec 
speed has about half the servo bandwidth of the 20-in./sec 
speed, and is the fastest speed possible without over- 


TABLE 3.1 
CGNTROLS ON THE RECORDER 


INPUT 


5, Fig. 2.3 
ATTENUA- 
TION 


WRITING 
SPEED 


DAMPING 


7-pos rotary 
switch 


ence is cali 


4-pos rotary 
switch 


Thumb adjust- 


ment 


Thumb adjust- 


ment 


wise to incr 


CAL 


Selects attenuation applied to input signal. Setting is added to db 
reading on paper to give level of input above 1 mv when 0 db refer- 


Controls maximum velocity of pen and servo bandwidth. 
Adjusts overshoot on fastest writing speed (20 in./sec). Turn clock- 


Sets voltage level of 0 db reference. Nominally set for 1] mv. 


brated to | mv. 


ease damping. 


POWER 


CHART 
DRIVE 


Toggle switch 


Off-forward- 


3-pos rotary 
switch 


Levers (2) 


Paper speed 


MANUAL 
SET 


Potentiometer 
selector 


Continuous 
rotary control 


9, Fig. 2,1 


4-pos rotary Potentiomet 


switch 


9, Fig. 2.2 


External 
motor switch 


OVERSHOOT 


Toggle switch 


I, Fig. 2.2 


Screwdriver 
adjustment 


12, Fig. 2.2 CREEP 


Screwdriver 
adjustment 


* or div/hr, depending on motor used. 


Power switch. 


Left-hand lever setting times right-hand (multiplier) setting equals 
number of divisions per minute on 1521-9428 linear paper.* N 
(neutral) position permits operation by MANUAL SET control. 


Manual paper drive control with lever in N (neutral). 


In forward position, connects microswitches to motor. 
Sets overshoot for upscale direction only (increased signal transient). 


Removes slow creep in transients. 


reverse control for chart-paper drive mechanism. 


er circuit Selector. 


TABLE 3.2 
CONNECTORS ON RECORDER 


13, Fig. 2.3 


INPUT Jack-top 


binding posts (3) 


8, Fig. 2.2 
10, Fig. 2.2 
8, Fig. 2.1 


DRIVE UNIT 
DC POT 


Jones socket 


Jones socket 


Type 274 Double 
Plug and Cable 


Potentiometer 
input plug 


1] 


Connection for grounded (red and grounded 
black) or ungrounded (red and black) input. 


Connection to Drive Unit. 


Connection to linear potentiometer. 


Connection to potentiometer. © 
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GENERAL RADIO COMPANY 


TABLE 3.3 


CONTROLS ON RECORDER ACCESSORIES 


Name 


Accessory 


i —F— oO 


Drive Unit 
Clutch 


14, Fig. 2.3 


a Eigu2.3 Idler Gear 


Adjustment 
Zero (thumbset 
control) 
Sensitivity 
(screwdriver 


control) 


ever, even at 20 in.. sec overshoot is usual- 
e; refer to paragraph 3.2.5.) The slower 
n. sec and 1 in.’sec) are used where un- 
e or fluctuations are to be filtered from the 


ING. The overshoot on the fastest speed 
| is normally set to one chart division on 
1428 and -9463, and-9429 Paper, two divisions 
1-9427 Paper, for step changes at the input. 
“preferred writing speed, since changes in 


normally instantaneous. Thus the overshoot. 


2, with optimum response to level changes. 
ot can be varied by means of the DAMPING 
ning this thumbset adjustment clockwise in- 
- damping, thus decreasing the amount of 
f the overshoot is not symmetrical, refer to 
a2. ; 

serve the overshoot, apply a constant-level 
, turn the chart drive on, and change the IN- 
NUATOR setting by 10 db. 


NOTE 
¢ DAMPING setting is decreased be- 
la certain point, oscillation will oc- 
Correct by turning the DAMPING ad- 
nent clockwise. 


RDING. Move the gear shift levers to the 
dand turnthe motor on by turning the CHART 
ch to FWD. The numbers engraved on the 
@ levers indicate speed in terms of Type 
inear) Chart Paper divisions per minute (or, 
ow-speed motor installed, in divisions per 
Sthe speeds possible are 10, 30, 100, and 
MS per minute (hour), corresponding to 2.5, 
175 inches per minute (hour). It is not nec- 
ut off the motorto stopthe chart drive; simply 
ht-hand lever to N (neutral). However, do not 


1521-P10B 
Drive Unit 


1521-P14 
Link Unit 


DC Linear 


Potentiometer 


DC Linear 


Potentiometer 
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Decoupling between recorder chart 

drive and auxiliary instrument. Aux- 
iliary equipment decoupled in idle 

position. 


Takeup for chain slack. 


Adjusts zero input level to any 
position on recording paper. 


Adjusts full-scale de sensitivity 
to 0.8 volt. 


shift the left gear-shift lever while the chart is moving. 
When the paper is moving, place the pen in its 
writing position and start recording. 


CAUTION 

With the pen on paper and moving, the re- 

cording paper must be moving, or the pen 

will clog with paper. 
3.2.7 CALIBRATING 0-DB LEVEL TO 1 MV. In order 
to calibrate the recorder so that the 0-db settings of IN- 
PUT ATTENUATOR switch and pen both correspond to 
1 mv, proceed as follows: 

a. Connect a stable oscillator to the input of the re- 
corder, Set this oscillator to a frequency well within the 
pass band of the recorder (e.g., 1 kc). The 60-cps line 
will do if it is attenuated externally. (Refer to Table 2.1.) 

b. Monitor this input voltage with an ac rms volt- 
meter. (Many oscillators, such as the Type 1304-B Beat- 
Frequency Generator, include a voltmeter for monitoring 
the output.) The accuracy of the voltmeter used will 
limit the calibration accuracy. A voltmeter accuracy of 
five percent corresponds to a calibration accuracy of 
0.5 db. 

c. Adjust the oscillator output to produce a con- 
venient voltmeter reading. 

d. Noting which line on the chart paper corresponds 
to 0 db, use the INPUT ATTENUATION and CAL con- 
trols to set the pen in accordance with the voltmeter 
reading. For instance, if the voltmeter reads 1 volt (60 
db above 1 mv), set the INPUT ATTENUATION control 
to 40 db and, using the CAL control, position the pen on 
the 20-db line on the paper. 


3.3 LEVEL-VS-TIME RECORDING. Recordings of 
level vs time can be made on the Type CTP-505 
Chart Paper supplied with the instrument. To calibrate 
the time scale, simply take the reciprocal of the paper 
speed. Thus, with a chart speed of 300 divisions per 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


TABLE 3.4 


MAXIMUM RECOMMENDED SWEEP SPEEDS FOR THE 
TYPE 760-B SOUND ANALYZER AND TYPE 1554-A SOUND AND VIBRATION ANALYZER 


Recommended Max Sweep Speed (Div/Min) 


25 - 250 cps 


250 cps - oe 5ke BEE 


N.B. indicates NARROW BAND 


each division equals 1/300 minute, or 1/5 sec- 


is advisable to use a fast writing speed with 

ver speeds and a slow writing speed with slow 
peeds, so that the recording can be read easily. 
tance, a sound-level measurement versus time 
how very little if the fastest writing speed were 
th the slowest paper speed. 


VEL-VS-FREQUENCY RECORDING. 


ENERAL. After the necessary Drive and Link 
ive been installed (refer to paragraphs 2.2.2 and 
he frequency dial of the driven instrument must 
hronized with the appropriate recording paper. 
0 paragraph 1.5.) The synchronization procedure 
lows: 
uwrow the Drive Unit clutch out (idle position). 
t the right-hand chart-speed lever to N, and turn 
UAL SET control to set the chart peepee to the 
low-frequency limit. 
t the right-hand chart-speed lever to x10 or xl. 
ten the oscillator dial to the desired low-frequen- 
(corresponding to the recorder paper). 
1row the clutch into the NORMAL DRIVE posi- 
instruments with dial stops (the slip clutch on 
‘¢ 1521-P10B protects the dial stop) or into the 
IP position for instruments without dial stops 
> large driving torques are required. 


CAUTION 
he NON-SLIP Position should not be used 
ith external instruments that have dial 


Ops, since, in this case, no protection 
provided. 


| 20-db Pot. | | 80-db Pot. 
1564 &| 1564 & &} 1564 & 1564 &| 1564 & 
] ee 1554 Rae 1554 ie a 1554 
Frequency Band |} 760 1/3 OCT. 760 1/3 OCT. 760 1/3 OCT. 


— i 


f. Throw the external motor switch (9, Figure 2.2) 
toward the front panel to connect the microswitches to 
the motor. 

g- Position the reverse limit microswitch stops, (4, 
Figure 2.3) so that it just turns off the recorder motor 
in the REV drive position. 

h. Set the CHART DRIVE switch to FWD and sweep 
through the desired frequency range. Set the forward 
limit switch to turn the recorder motor off at the de- 
sired high-frequency limit. 

i Sweep back and forth, checking frequency limits 
at the paper speed to be used. Also check the chart and 
dial frequencies against each other. 


NOTE 

The Type 760-A Sound Analyzer, the Type 
1564-A Sound and Vibration Analyzer, and 
some models of the Type 1304-B Beat- 
Frequency Generator have frequency dials 
that can be swept through 360°. Turning 
the external motor switch toward the rear 
of the instrument will disconnect the limit 
switches for 360-degree rotation. 


The equipment is now ready for recording. With 
the pen up, check that it will stay within the useful re- 
cording range during the frequency sweep. If necessary, 
change the INPUT ATTENUATOR setting or install a 
wider-range potentiometer. 

When making the first recording, be careful not to 
sweep the auxiliary instrument too fast or there will be 
errors in the recording. If slow writing speeds are to be 
used to filter noise, it is advisable to use a slow paper 
speed as well. (Remember that slow writing speeds 
limit the ability of the recorder to respond to level 
changes.) : 
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GENERAL RADIO COMPANY 


(RATION WITH TYPE 1304-B BEAT-FRE- 
GENERATOR. The Type 1304-B Beat-Fre- 
snerator is an excellent signal source with 
est response of various systems. The output 
e 1304-B is fed to the system under test, and 
. output is recorded. The voltage variations of 
304-B are less than +0.25 db between 20 cps 


later models of the Type 1304-B, where the 
dial can be swept 360°, production tests for 
response can be made with no lost time. The 
‘ft running, and each component is plugged in- 
during the blank space of the Type 1304 dial. 


"ERATION WITH TYPES 1554-A and 1564-A 
ND VIBRATION ANALYZERS AND TYPE 
D ANALYZER. Analysis of noise or of elec- 
als versus frequency can be made quite con- 
by means of the Type 1564-A Sound and Vib- 
ilyzer or the Type 760 Sound Analyzer (now 
or Type 1554-A Sound and Vibration Ana- 
rlete) connected to the recorder. The signal 
zed is connected to the input of the anal- 
analyzer output coupled to the recorder. 
eme care is necessary when the analyzer is 
pecially at lower frequencies. A fast sweep 
errors in the recorded amplitude, center fre- 
the filer, and effective bandwidth of the fil- 
3.4 gives the maximum recommended sweep 
‘the Types 760, 1564, and 1554 Sound Ana- 
ae sweep speeds in Table 3.4 give an error 
de less than 2% of full scale (0.8 db for the 
ntiometer) with one exception. The lowest 
‘ie Type 760-B contributes a magnitude error 
at 25 cps when a 20-db potentiometer is used 
the analyzer is swept at the lowest possible 
td. (The slow-speed motor would reduce the 
it may not be convenient to change motors.) 
> speeds in Table 3.4 give an error in mag- 
s than 2% of full scale (0.8 -db for the 40- 
»meter) with one exception. The lowest band 
e 760-B contributes a magnitude error of 0:8 
>ps when a 20-db potentiometer is used and 
nalyzer is swept at the lowest possible paper 
1e slow-speed motor would reduce the error, 
not be convenient to change motors.) 


Type 760-B can be swept 360°, and a con- 
alysis can therefore be made from 25 cps to 
ting at 25 cps, the recording is made in the 
lecade to 75 cps. During the white range of 
vaper after 75 cps, the next range button on 
er is pressed. This is repeated on succes- 
s until the entire frequency range is covered. 
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The Type 1564-A can be swept through 360° and, 
in addition, the range switching is accomplished auto- 
matically as the recorder sweeps the analyzer through 
the blank portion of the dial. 


3.4.4 OPERATION WITH TYPE 1900-A WAVE ANAL- 
YZER. The Type 1900-A Wave Analyzer, when used 
with the Type 1521-A Recorder (Figure 3.1), provides 
a system for the automatic recording of spectra in the 
frequency range of 20 to 50,000 cps. Unlike the sound 
analyzers, the wave analyzer offers a choice of three 
fixed bandwidths: 3, 10, or 50 cps. For a detailed des- 
cription of this analyzer and its use with the recorder, 
tefer to the General Radio Catalog and the Operating 
Instructions for the Type 1900-A. 
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Figure 3.1. 


Recorder Attached to Type 1900-A 


Wave Analyzer. 


3.4.5 CHOICE OF SCALE FACTORS FOR RECORD- 
ING LEVEL VS FREQUENCY. Many different stan- 
dards for the length of a frequency decade on a log- 
arithmic chart and for the scale factor are now in use. 
The scale factor is the product of the db per inch on 
the vertical scale and the inches per decade of fre- 
quency on the horizontal scale, expressed in db per 
decade. The Type 1521-P15 Link Unit provides one 
of the standards commonly accepted in the United. 
States. The Type 1521-P16 Sprocket Kit, for use with 
the Type 1521-P15, covers most of the current stan- 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


a. Using the zero thumb control on the fron 


scale factors obtained with the vat- dc potentiometer, set the zero inpu 
uded in the Type 1521-P 16 Sprocket about five divisions from the left si 
24-rooth sprocket supplied with the b. Set the WRITING SPEED contro 
available from General Radio. All and the INPUT ATTENUATOR switch to 0. 
rs should be ordered from Gubelman c. Apply about 0.5 volt de to the 

a 1.5-volt dry cell with 2000 ohms in series). 


0 E, Hiraney St.; Neward, N. J- (e.g-> 
d. Turn the chart drive on. 


e. Switch the INPUT NITY 


from 0 to 10 db. 
f. Adjust the DAMPING control 


lists some of these standards with 
de of the chart. 


ING. When the Type 1521-P4 Linear 
‘nastalled and the DAMPING control is 


divisions of overshoot, the waveforms 


be recorded. (Refer to is two divisions ont 


paragraph 4.10 fo 


signals can 
ra discussion of overs 


ot bandwidth limitations.) The proce 
g the DAMPING control is as follows: width.) 
TABLE 3.5 


INDUSTRY SCALE FACTORS 


Sprocket 
(teeth) 


Decade 
Length (inches) 


| for Type 1304 
Oscillator 


Scale Factor 


db/decade 


ndustry Standard 


itute of High Fidelity 
Manufacturers 
posed international 
Standard 

ectronic Industries Assoc- 
iation (1521-P 14) 

stitute of High Fidelity 
Manufacturers 

learing Aid Industry 

proposed International 


~ Standard 


Proposed International 


Standard 


t of the 


t position of the pen 


t to 20 in./sec 


INPUT connectors 


ENUATOR back and forth 


so that the overshoot 


he Type 1521-9428 Paper: (Refer to 
hoot and band- 
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GENERAL RADIO COMPANY 


PRINCIPLES 


=RAL. The general principle of 
in paragraph Te2e 
nponent (refer to 
will discuss source 
user may understand the limitation 
and thereby a¢ 


UT CIRCUIT AND 
input attenuator has 4 
The input impedance 


60-db range, 
is 10,000 ohms 


cr settings. 
a compromise 
ince and the desire 6° minimize 
s of the ac amplifier- 

The ac amplifier comprises 4 


between the desire fot 


_ four stages of gain, 
ive the detector. igh 1 i 
er followet minimizes its loa 
ntiometer- The amplifier gain is app 


can be adjusted to exactly 10 


for measurement of absolute levels. 


rol, 
The four stage® of 
is. In each section, 
bilizes transistor operating points 48 
e changes- There is also enough 
ck to insure stability of 
pply minimizes 
The dynamic fange of secor 
pon the potentiometer, i 
,e amplifier are constant at null. ( 
2.) However, to 
signals with a peak-to-rms ratio of 5 
fier has 4 15-db dynamic range- 


4.3 DETECTOR. A full-wave detector is u 


le for low-fre- 


s sasponse: closely approxi- 
qd waveforms. 


recorder, minimizing the effects of ripP 


quency inputs. Its quasi-rm 
mates true rms for commonly €a9c° 
The output 
multiple sine waves, 
a 

ler. Gross, 


Level Meter » 
October, 1958. 


“| mproved Perfor 
RAD 


GENERAL 


operation is 
This section will describe 
plock diagram 
es of measurement error, 


hieve accurate recordings- 


AC AMPLIFIER: The cali- 


The 10,000-ohm potentiometét repre- 
high input 


capacitive 


a emitter-follower 
a phase-inverte? stage 
input impedance of the 
ding effect on the 
roximately 1000, 


00,by means of a 


an regulated power 


the effects of line-voltage variations. 


allow faithful reproduction of input 


untere 
of true rms for sine waves, 
and white noise- 


mance Plus @ New Look for the 


na EXPERIMENTER, Vol 32, 


Section A 


OF OPERATION 


(Refer to paragraph 5.10 for errors in analy 
band noise- 

Since the potentiometer output is 
the change in output 
different for 


Figure 


so in volts, 


rather than 
detector 1S significantly 
decreasing input 
increase would mom 
of 2.16 volts (error voltage) som 3° norma 


signals. 
entarily produce 3.16 volts, 


six 10-db 
step res 


diode limiters are incorpo 
tector. The level of limiting fenset.to 
transient responses for increasing 
20 db (refer to paragraph 
the limiters will limit 


loading 


at least 


The detecto 


gain 
followers with 2 j-volt 


ator after the emitter followers 
to the potentiometer: US® ‘ 


jl produce 4 


depends on 2 40-db potentiometer will p 


vels within level, 4 0.12-volt error voltage: 
Belen se paragraph factor of 2 is required when the 4Q-db potent 
: replaces the 20-db yoit, and af attenuation factor 
the ac ampli: = when the 80-db potentiometer replaces the 20-db unit. 


A velocity feedback signal 


sed in the (attenuated for the | 


the velocity feedback voltage 15 then 4 
push-pull dc amplifier, 
feedback. Two power transistors PFO 


motor consists of 
Pai t ee 4.1) wound on lightweigh 
which is positioned in the uniform 
Alnico permanent magnet (4, Figur 


Sound- 
No. 17, 


16 


sis of narrow" 


linear 
voltage ° 
increasing 2° 


a sudden 10-db 


i | 1-volt value; 


differing signals, 
rated at the output of th 
duce similar 
of decreasing leveis 
6.3). When adjus 
both halves of the sym 
about 2 volts. Thus the ef 


the regulated 18-volt sU 
changes 
d. This is neces- 
rom null on the 
2-db change i : 

while the sams displacement 
1-db change in 


Thus 2n at 


(see Figure 1.2) is also 
The sum of the etre 


i duce current ¢ 


a center-tapP® 
t lucite form 
magnetic 
e 4.1). The inte 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


| 2 
back Coil 3. Potentiometer Wiper Arm 
2 Coil 4. Magnet 


1. View of Magnetic Structure and Pen Motor. 


veen the current in the coil and the field from 
ent magnet is used to move the coil in a di- 
reduce the error voltage. When the coil is 
ositioned, the error voltage and the current 
become zero, and there is no further force on 
‘hereafter, any slight movement from the cor- 
»osition will produce an electrical restoring 
ve coil. Full current flows through the coil 
xcement of less than 1/32 inch from the true 
ing in a high degree of static accuracy (refer 
ih 4.9). (This ability of the servo to provide 
in the drive coil for a displacement of less 
inch from null should not be confused with 
ror. When the coil assembly is moving, ve- 
back reduces the servo loop gain and thus 
1e error a proportional amount.) 


pen and the potentiometer wiper arm are 
‘ectly on the coil structure, so that backlash 
e. i 


-ITY FEEDBACK. A second winding on the 
structure generates a voltage proportional to 
ocity (see 1, Figure 4.1). This damping volt- 
0 the input of the de amplifier to reduce the 
gain at high frequencies and the time con- 
drive coil circuit. As a result, an adequate 
tabilization can be obtained consistent with 
.e bandwidth of the pen servo and the de- 
accuracy. Slower writing speeds are obtained 
at of damping voltage is increased. 


ITHMIC POTENTIOMETERS. The potenti- 
re winding forms shaped to obtain a scale 
». Padding resistors tapped to the winding 


if the same size wire throughout the potenti-. 


gh degree of resolution is thus obtained at 
i of the slider. 


Figure 4.2. Block Diagram of Servo Loop 
for DC Recording. 


4.7 DC RECORDING. Use of the linear potentiometer 
converts the Type 1521-A into a de recorder. Figure 
4.2 
recording. The ac amplifier is bypassed and the input 
is compared with a dc voltage tapped off a linear po- 
tentiometer. The voltage on this potentiometer limits 
the full-scale sensitivity to 0.8 volt. The input imped- 
ance is limited to 1 kilohm owing to the base current 
of the input transistors. This current changes with tem- 
perature, but the change contributes negligible error 
with a 1000-ohm input impedance. The impedance can 
be increased if the effects of the current are included 
in the zero adjustment of the recorder. The input imped- 
ance can also be lowered, reducing sensitivity and drift. 
The low impedance may be more useful for recording 
current. 


is a block diagram of the recorder servo loop for dc 


A zero adjustment (R19) adds a dc voltage in 
series with the input. Thus the zero position (input 
voltage zero) can be set to any point on the chart paper. 


4.8 TRANSIENT RESPONSE AND DYNAMIC ERROR. 
The ability of the recordertoreproduce faithfully changes 
in the input level is a function of the saturated velocity 
(maximum writing speed), bandwidth, and degree of 
stability of the servo system. The application of a large 
step change in input level is often used to show the 
maximum saturated velocity capabilities and degree of 
stability (overshoot) of the recorder servo. However, 
most level changes actually encountered by the recorder 
will not be as abrupt as a step change, and the dynamic 
performance of the servo will here be considered with 
respect to other types of changes in input level that do 
not produce saturation. Two such types are the ramp 
(constant rate of level change) input and the sine wave. 

The ramp-type input is often encountered in prac- 
tice (as, for instance, in reverberation-time measure- 
ments). As the slope of the ramp increases, a point is 
reached where the error signal no longer remains con- 
stant; this is the limit of the linear operating range of 
recorder. This maximum slope corresponds to the maxi- 
mum writing speed of the recorder for a step-type input. 

The response of the recorder to sine-wave inputs 


is discussed in paragraph 4.10. 
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Figure 4,3. Recording of Ramp-Type Input. 


The information in this section will be directly 
able only to ramp inputs, but will indicate the 
- of the recorder to follow complex transients. 
it shows the effect of writing speed and potenti- 
- value (20, 40, or 80 db) on the speed capabili- 
f the recorder. 

A servo-type recorder requires a finite position 
in order to drive the coil at a constant velocity. 
t is well to consider the difference between static 
and dynamic error. Static error, discussed in para- 
4.9, is the small error required to move a station- 
m in order to overcome static friction. The dynamic 
is measured when the pen is moving at a constant 
ty. It is the difference between the true input 


and pen position at one instant of time. It will 


s be much larger than static error, since the ve-. 


feedback voltage subtracts from the error voltage 
output of the detector. Dynamic error is measured 
> detector output, and is the difference between 
ctified voltage from the ac amplifier and the 1-volt 
nce voltage. This error can be referred back to the 
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gure 4.4, Dynamic Error for Ideal Ramp Input. 
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input of the ac amplifier so that the actual error on 
the recording can be indicated in db. Thus, a 0.1-volt 
error at the detector would be a 1l-db error between the 
input and the recording on the chart paper at one instant 
of time. Figure 4.4 shows what this error would look 
like on the chart paper for an ideal ramp input. It should 
be emphasized that this error is not necessarily harmful, 
since for a simple ramp input it simply implies a delay 
in time. 

The servo in the Type 1521-A Recorder develops 
a constant dynamic error for a constant-velocity input. 
Thus witha ramp input, a constant error will be observed 
except at the points of acceleration and deceleration 
(see Figure 4.4). The ratio of the input velocity to this 
constant error is sometimes referred to as the velocity- 
error constant (Ky). This velocity-error constant is the 
same for all three potentiometers. One must remember, 
however, to express the error in db and the velocity in 
db per second, or error in inches and velocity in inches 
per second. The graph in Figure 4.5 shows the error 
(db) for a ramp input. 


The error is also a function of the WRITING SPEED 
control setting and the adjustment of the DAMPING con- 
trol. Figure 4.6 shows the error for the 40-db potentiom- 
eter for different settings of these two controls. These 
curves show that a little overshoot, if it can be toler- 
ated, will help achieve low error. The overshoot has 
been set at the factory to 0.1 inch (1 div on Type 1521- 
9428 chart paper) which we consider optimum for most 
measurements. If more overshoot can be tolerated, such 
as in reverberation-time measurements, decreased damp- 


; MAXIMUM RAMP INPUT SLOPE !60 DB/SEC-> 


6. 
= | WRITING SPEED 20 IN/SEC 
3 WITH | DIV OVERSHOOT 
ined 5 
[e) 
iva 
x 
2. 40 
2 
= 
<q 
ay DB/SEC 
3 VELOCITY ERROR CONSTANT = 22 DB/SEC 


° 50 100 150 200 
IDEAL RAMP INPUT SLOPE (DB/SEC) 


Figure 4.5. Dynamic Error for 20-, 40-, 
and 80-db Potentiometers. ; 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


100 150 
IDEAL RAMP INPUT SLOPE (DB/SEC) 


duce the dynamic error. Also, it will increase 
um input ramp velocity for the 40-db and 80- 
iometers (explained in the following para- 


pen velocity is limited by the saturated cur- 
ition of the output transistors. Thus, if the 


elocity ramp input increases. beyond this satu- 


city, the pen will not follow the input and the 
increase. This is noticeable as the ramp input 
S increased beyond 30 in..’sec for the 20-db 
ster, when the error increases very rapidly. 

‘Maximum ramp input in inches per second that 
der can follow is less for the 40- and 80-db 
eters than for the 20-db unit because of the 
tenuation required for a constant loop gain. 
attenuation occurring after limiting of the de- 


put reduces the maximum input voltage to the. 


let. Because this voltage is reduced, the drive 
ss at a slower velocity so that the velocity 
voltage does not exceed the input voltage. 
Maximum ramp input in db per second is the 
ll potentiometers. 


¥ does this limit on the ramp input affect the 
teverberation time? This will depend on the 
m desired from the reverberation measurement. 
instances, the only information required is the 
tion time -- the time for a 60-db decay in sound 
fet to paragraph 5.5). Here the maximum ramp 
Mtioned previously limits the minimum rever- 
ime that can be measured to 0.3 second. How- 
teverberation decay is not an idealized ramp 
wt contains superimposed oscillations caused 
ent room modes beating against one another. 
ation of these beats may be useful in analyzing 
stic properties of the room.! The minimum re- 
Mm time that can be measured with these beats 


Figure 4.6. Dynamic Error 
For Various Writing Speeds 
(with 40-db Potentiometer). 
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shown is 0.5 second (see Figure 4.7). For the meas- 
urement shown in Figure 4.7a, a reverberation decay 
was recorded on a tape recorder. It was then played 
back at slower and faster tape speeds to simulate longer 
and shorter reverberation times, with the Type 1521-A 
recording the decay. When the time scale is matched for 
each decay, there is little error in the average slope 
(proportional to reverberation time), yet the beats are 
filtered out by the Recorder as the effective reverber- 
ation time is decreased (Figure 4.7b, c). Note that 
although there is dynamic error, the average slope fol- 
lows the ramp decay, delayed in time. 


4.9 ACCURACY OF NULL (STATIC ACCURACY). 


4.9.1 GENERAL. The accuracy of the null position 
depends upon many independent factors. Despite the 
many influences, at room temperature the error is less 


than one percent of full scale, if the input frequency is 
“ well within the pass band of the amplifier. The errors 


determining the total accuracy of the recording are dis- 
cussed in the following paragraphs. 


4.9.2 DEAD SPAN. Dead span is the region where 
there is not enough current in the drive coil to overcome 
the static friction and move the coil to the true null 
position. The gainof the dc amplifier of the Type 1521-A 
is sufficient to reduce the dead span to less than 1.64 
inch. Thus the error is less than +0.2 percent of full 
scale (+0.08 db on the 40-db potentiometer). 


4.9.3 POTENTIOMETER ACCURACY. The gated accu- 
racy of the potentiometers is one percent of full scale, 
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t the accuracy of the 20- and 40-db potentiometers is 
ually better than 0.5 percent of full scale. The reso- 
ion of the potentiometer contributes negligible error 
mpared with the dead-span error mentioned previously. 


).4 FREQUENCY ERROR. The frequency response 
the ac amplifier can contribute errors at frequencies 
at 20 cps and 200 kc. The amplifier is flat within 3 
from 20 cps to 200 kc. The response rolls off about 
db at 20 cps, and is flat at the high end within the 
ib limit (+1.5 db from reference). At frequencies a- 
ve 100 kc, there are slight errors in the attenuator 
d also in the potentiometer due to capacitive loading 
the wiper arm. These errors are less than 1.5 db 
200 kc. For extreme accuracy, a response recording 
the oscillator can be used as the basis of compensat- 
g recordings of devices under test. For example, if the 
corder ac amplifier rolled off 1 db at 20 cps, 1 db 
ded to the final recording would remove frequency 
ors caused by the recorder. . 


9.5 TEMPERATURE EFFECTS. Table 4.1 shows 


Figure 4.8. Servo Frequency Response. 


RELATIVE AMPLITUDE PEN EXCURSIONS (DB). (LOW-FREQ. AMP = 1) 


20 


TIME (SEC) 


TIME (SEC) 
REVERBERATION TIME (SEG) 


the drift for a typical recorder for the temperature ranges 
indicated. 


4.10 SERVO BANDWIDTH. Servo bandwidth in a level 
recorder is defined for the motion of the pen, and is 
independent of the frequency response of the ac ampli- 
fier (20 cps to 200 kc). The servo acts as a low-pass 
filcer, with the pen following level variations up to fre- 
quency cutoff. The cutoff frequency or servo bandwidth 
is the frequency at which the amplitude of the pen ex- 
cursions drops to 0.707 times the amplitude at low fre- 
quencies (see Figure 4.8). The servo bandwidth is a 


TABLE 4.1 


Drift (max variation, 


min to max reading, | Temperature Range 


in % of full scale) 


Potentiometer 
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DC Linear 
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SERVO BANDWIDTH | 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


ication of the recorder capabilities for small 
in amplitude. 

servo bandwidth of the dc potentiometer is 
sured. A low-frequency signal is fed directly 
recorder input, and the cutoff frequency is 
This is somewhat more difficult with the log- 
otentiometers, since a high-frequency signal 
dulated with a low-frequency signal. 


) bandwidth depends upon the amplitude of 
quency pen excursions. If a plot is made of 
yersus amplitude of excursions, the band- 
remain constant as the amplitude is increased 
ig speed becomes a limitation. (This charac- 
shown in Figure 4.9 for all four potentiom- 
a given frequency the maximum slope of a 
increases directly with amplitude. Because 
tder writing-speed limitation, the servo band- 
decrease as the amplitude increases. Re- 
nals above this frequency will not only have 
de error, but will be very distorted. The am- 
which writing speed becomes a limitation in- 
; the dynamic range of the potentiometer de- 
tefer to Figure 4.9.) But this amplitude, when 
to db, remains constant for the logarithmic 
ters. 


maximum small-signal bandwidth varies diz 
|the setting of the DAMPING control. In Fig- 
vhen the overshoot was increased from 1 to 


80-DB POT | 3/4 DIV OVERSHOOT 


2a 
a 


20-DB POT | DIV_ OVERSHOOT 


DIVISIONS 
BON PAPER 


PEAK-TO—PEAK AMPLITUDE 
(% OF FULL SCALE) 


Figure 4.9. Servo Bandwidth 


vs Amplitude of Excursions. 


1-3/4 divisions, the bandwidth increased 40%. This in- 
crease in bandwidth, in conjunction with the increase 
in maximum ramp slope (refer to paragraph 4.8) is useful 
for reverberation-time measurements. 


The servo bandwidth decreases as writing speed 
is decreased. This is shown in Table 4.2 for a typical 
recorder. There is no amplitude limitation for the slower 
writing speeds, the bandwidth remaining constant even 
for full-scale excursions of the pen. 


TABLE 4.2 
SERVO BANDWIDTH FOR SLOW 
WRITING SPEEDS 
(Typical Recorder) 


Writings Sneed Servo Bandwidth (cps) 
riting Spee 
ee _20-, 40-, 80-db Reecinyeto ss DC Bese 


Position of 


3 : ne 


0.20 


4.11 HIGH-Q ANALYZERS. With high-Q analyzers, 
there are some fundamental problems that are indepen- 
dent of recorder characteristics. If the analyzer is swept 
too fast, errors will occur in the magnitude, frequency, 
and effective bandwidth of the analyzer. 


Figure 4.10 shows a recording of a frequency 
analysis made with a fixed-frequency input to the Type | 
760-B Sound Analyzer. This shows a comparison of the 
correct recording and a recording’ in which the Analyzer 
was swept too fast. Note the error in magnitude, shift 
in center frequency, and increased effective bandwidth 
of the filter. The oscillations occurring on the decay 
side indicate that the Analyzer was swept too fast. 
These oscillations are caused by beating between the 
input frequency and the frequency of the high-Q circuit 
after energy has been stored. 


The rate at which an analyzer may be swept for 
a given error is proportional to the square of the filter 
bandwidth.! Thus for a constant-Q filter, the sweep 
speed in cycles per second? for a given error increases 
as the tuned frequency is increased. The Genéral Radio 
Analyzers described in this manual are constant-Q fil- 
ters. Thus the low-frequency ranges should be swept 
fairly slowly. Table 4.3 shows the errors measured for 


lv F. Barber, “The Optimum Performance of a Wave Analyzer”, ELEC- 
TRONIC ENGINEERING, May, 1949, pp 175-9. 
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Figure 4.10. Errors from Sweeping High-Q 
Analyzer Too Fast. 


the Types 760-B, 1564-A, and 1554-A Analyzers at the 
maximum recommended sweep speeds given in Table 
3.4, 

In analysis at higher frequencies (above 750 cps 
with the Type 760-B), the sweep speed is limited by the 
writing speed limitations of the recorder. The maximum 
slope of the curve shown in Figure 4.10 is 160 db/inch. 
The shape of this curve on the chart will be relatively 
constant with frequency, since the frequency scale is 
approximately logarithmic. At a paper speed of 30 div.’ 
min, this slope would correspond to 20 db/sec. The pen 
would ordinarily follow such a slope without any dif- 
ficulty; with a high-Q filter, however, the slope quickly 
changes near the filter peak from +20 db/sec to -20 
db/sec as the analyzer is swept by the input frequency. 
Thus the dynamic error (refer to paragraph 4.8) shows 
up directly as a level error on the recording. This error 
places a final limitation on the sweep speed if the pen 
has to travel over large distances. 


TABLE 4.3 
ERRORS AT MAXIMUM RECOMMENDED SWEEP SPEEDS 


25 - 75 
75 - 250 
250 - 750 
750 - 2500 
2500 - 7500 


pharaoh 
250 - 2500 
2500-- 25,000 


aaa tude 


Frequency Band} Sweep Speed i 
(CPS) (Chart Div/Min) | Error (DB) | Error (% of fy) | Filter Bandwidth 


a 
Cee ne nn a 


Frequency % \ncrease in 


Potentiometer = 40 db; Writing Speed at 20 in./sec. Damping adjusted for 0-db overshoot. 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


Section 5 


APPLICATIONS 


AL. This section describes some of the 
rements possible with the Graphic Level 
Ithough General Radio equipment is recom- 
table equipment of other manufacturers may 
ccept for equipment whose dials are to be 
he recorder by the standard link units. Link 
ell as recorder paper, have been designed 
for use with General Radio instruments. 
1eral, the paper speed, writing speed, and 
rt should bechosen to optimize the response 
der and the accuracy and readability of the 
. An exception is the slow writing speeds, 
e the speed of response or servo bandwidth, 
acting as a low-pass filter for variations in 
function is used to filter out high-frequency 
taking an average of the true level re- 
vever, it is possible to reduce the writing 
e point where desired level variations are 
Comparison with a preliminary recording 
fast writing speed will indicate this condi- 


lowing are some general recommendations: 
> the smallest-range potentiometer that will 
o the dynamic range of the recorded signal. 
sure Maximum precision and accuracy. 

ost measurements, choose the fast (20 in./ 
speed. This insures optimum response char- 
f the recorder. Slow speeds are for smooth- 
ng. (Refer to paragraph 4.8 for a discussion 


€ a paper speed that will not crowd the re- 
al on the paper. In general, the faster the 


d, the greater the paper speed must be to 
ding. 


TH SOUND-LEVEL METER. The recorder, 
ith the Type 1551. Sound-Level Meter, is 
vell suited for acoustic measurements. A 
cussion of measurements with the Sound- 
may be found in the Operating Instructions 
ument, in the HANDBOOK OF NOISE MEAS- 
ublished by General Radio, and in several 


General Radio Experimenter articles, including “Improved 
Performance plus a New Look for the Sound-Level Me- 
ter” by E. E. Gross, in the October, 1958, issue. 

An adaptor cable assembly supplied with the re- 
corder can be used to connect the OUT jack of the Type 
1551 to the recorder INPUT terminals. The recorder 
can be calibrated to indicate sound level in decibels 
above the standard reference level (0.0002 pbar at 1000 
cps) as follows: 

a. Tum both instruments on, with the recorder con- 
nected to the Sound-Level Meter as described above. 

b. Set the Type 1551 attenuator switch to 130 CAL. 

c. Set the Type 1551 WEIGHTING switch to CAL. 
and adjust the CAL control for a 10-db meter indication. 
A fixed-level 1-kc signal is now being fed into the re- 
corder. 

d. Adjust the recorder INPUT ATTENUATION and 
CAL controls to bring the pen to full scale with the 20- 
and 40-db potentiometers (to 20 db below full scale with 
the 80-db potentiometers). The chart paper now corre- 
sponds to the meter scale, with full scale on the meter 
(10 db) representing full scale (20 db below full scale 
with the 80-db potentiometer) on the chart paper. 

e. Readjust the Type 1551 CAL thumbset control 
until the meter reads within the white CAL area. 

The Sound-Level Meter may now be operated in 
the normal manner, with full scale on the chart paper 
calibrated to represent 10 db plus the reading on the 
Type 1551 attenuator. The slower writing speeds can 
be used to provide a recording of averaged sound level 
(see Figure 5.1). 

Ordinarily the recording will not be limited by the 
characteristics of the Sound-Level Meter. With the 80-db 
potentiometer, however, the maximum recordable level 
will be about 10 db below full scale on the paper. The 
residual noise from the Sound-Level Meter will appear 
near the bottom of the recorder scale for~attenuator 
switch settings of 70 db and higher on the Sound-Level 
Meter. Refer to the HANDBOOK OF -NOISE MEASURE- 
MENT, published by General Radio Company, for a dis- 
cussion of errors and corrections when the recorded 
level is near this residual noise level. 
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Figure 5.1. Recording of Noise Level in a Cafeteria 
with both Fast and Slow Writing Speeds and 40-db Potentiometer. 


LEVEL SOUNDS (above 80 db). For the meas- 
high-level sounds, the Type 759-P25 Dynamic 
: Assembly and Type 1551-Pl Condenser 
2 Assembly have high enough outputs to work 
to the recorder. Table 5.1 shows the range of 
els that can be made either with the Sound- 
t or with microphone connected directly to re- 
very high sound levels, the input impedance 
tder must be increased to avoid loading down 
hode follower in the microphone preamplifier. 
of the series resistor that should be used 


between the mit¢rophone and the recorder is given in 
Table 5.1. 

The equipment should be calibrated by means of 
the Type 1552-B Sound-Level Calibrator and a suitable 
oscillator source, such as the Type 1307-A Transistor 
Oscillator. 


5.4 VIBRATION LEVEL VS TIME. Vibration level vs 
time can be recorded with the output of the vibration 

measuring system (Type 761-A Vibration Meter or an — 
array consisting of Type 759-P35 Vibration Pickup, 


TABLE 5.1 
RANGE OF SOUND LEVELS WITH SOUND-LEVEL METER 
OR DIRECT MICROPHONE CONNECTION 


Dynamic Range of Sound Levels | Series Resistor (see Figure 5.2) 
Type 1551-B 
; 30-150 db 
Sound-Level Meter 
‘Type 1551-P1L SU: 130: "=. Requires cathode follower be- 
Condenser Microphone 95-150 tween microphone and recorder. 


Type 1551-P1H 95-145 
Condenser Microphone 110-170 


Requires cathode follower be- 
tween microphone and recorder. . 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


CONDENSER 
fiCROPHONE 


AND 
REAMPLIFIER 


RECORDER 


Figure 5.2. Direct Connection 
of Microphone to Recorder. 


P36 Control Box, and Type 1551  Sound- 
t) connected to the recorder INPUT terminals. 
m using the Sound-Level Meter has a low- 
limit of 20 cps, also the low-frequency limit 
order. Measurements can be made down to 2 
he Type 761-A Vibration Meter, but cannot be 
slow 20 cps. 

ake full scale on the chart paper correspond 
ile on the Type 761-A Vibration Meter, pro- 

lows: 

ect the output of the Vibration Meter to the 

PUT terminals. 

he Vibration Meter, set the METER SCALE 

CAL and push the METER READS CAL 1 

just the CAL screw-driver control so that the 

ates 50 on the upper scale. 

the recorder pen to 6 db below full scale by 

he recorder INPUT ATTENUATION and CAL 

nce set, these controls should not be read- 


brate the Vibration Meter as outlined on the 
e instrument. 

scale on the Type 761-A meter now corre- 
full scale on the Type 1521-9428 Chart Paper. 
shows the conversion of the chart paper from 
near meter scale. 
he maximum vibration level near full scale by 
he controls on the Vibration Meter; do not re- 
tecorder controls. 


Type 1551 Sound-Level Meter, used in con- 
ith the Type 759-P35 Vibration Pickup and 
P36 Control Box, comprises an inexpensive 
€asuring system, especially suited for use 
corder. When ordering the Type 759-P35 and 
nplement an existing Type 1551 _be sure to 
Microphone sensitivity of the Sound-Level 
ked inside the case). The vibration attach- 
then be factory-calibrated to this sensitivity. 
tion is as follows: first calibrate the chart 
l¢ Sound-Level Meter as described in para- 
Set up the vibration-measuring equipment as 
in its instruction manual. The attenuator 
he Sound-Level Meter should be set so that 
M meter reading is almost full scale, to in- 


25 


boeSCoeeceoseeceneeececeececes 


; ISH 0 er SCALE 
= 25) 794 ON METER 2) -) J 
pete ot! 20g) te sie | 
159 50.} —«—EOQUIVALENT To 7 
© 126 398 HALF SCALE ON | 
}---—-30-— 499! 3)¢- | TYPE_761-A METER _ 
fm) 
} g 79.4 25.1 
Frag 63 ret sow ial tet | 
& 50. 15.9 14 
[2 Wo 398: | 126 
Pr 20 — +: 64.9, 
pe 8 25.1 7.94 ! 
ba gent 200 gsi 
4 e 15,9 6.0} = — mas vou on Goel 
+ oO 12.6 3.98 | 
© 
b— 49 HOO-—+—— 3 6 —_ -- 
7.94 BI 
def 631 2.00 
5.0! [So St ep 
t 3.98 1.26 ; 
Rett sgl pg - 


Ceeseceoeeeeeoeeeeaeeeeee st 


Figure 5.3. Conversion of Chart Paper from db 
to RMS Values of Velocity, Acceleration, and Amplitude. 


sure maximum signal-to-noise ratio. The recorder read- 
ings can be converted to acceleration, velocity, or dis- 
placement by means of conversion factors marked on the 
control box and by the use of charts supplied with the 
control box.” 


53.5 REVERBERATION TIME AND DECAY RATE. A 
common method of determining the acoustic properties 
of a room is to fill the room with sound, suddenly si- 
lence the source of the sound, and measure the rate of 
decay of the sound in the room. This rate of decay can 
be defined in two ways. The common term is reverbera- 
tion time (T), the time taken for the sound to decay 60 
db in sound pressure level. Recently, however, a more 
useful term, decay rate (D) has been suggested.1 There 
are numerous reasons mentioned in the reference! for 
the preference of decay rate. One of the most important 
is that the decay in sound level can be described more 
completely, differentiating initial decay rate from aver- 
age decay rate. 

The decay rate of sound pressure level, in deci- 
bels per second, can easily be converted to reverbera- 
tion time by the following formula: 

- T =60/D where T = reverberation time (second) and 
D = decay rate (db/sec) 


The Type 1521-A Graphic Level Recorder is a 
most convenient means of making this measurement, 
giving a permanent record of the sound decay (Figure 
5.4) or reverberation time (Figure 5.5). The Type 1521-A 


1 ante ; ; : 

Robert W. Young, “Sabine Reverberation Equation and Sound Power 
Calculations”: I RNAL OF THE ACOUSTICAL SOCIETY. OF 
AMERICA, Vol 31, No. 7, July 1959. 
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‘4. Decay Rate for 1/3-Octave Band 
of Noise at 500 cps. 


cay rates as fast as 200 db per second 
time of 0.3 second). When it is necessary 
> beats during the sound decay, the decay 
e limited to 120 db pert second. (Refer to 
for discussion of maximum decay rates.) 
 1521-A is used with a multiple-speed 


much faster decay rates can be recorded 
later in this section). 


und sources are commonly used for rever- ° 


rements. One of the best is a band of fan- 
*measurement is simple and offers results 
le than those Produced by other types of 
4 complete discussion of reverberation 
a comparison of various methods refer to 
OUSTIC MEASUREMENTS, 1949, John 
, p. 806.) 

§ shows the Setup for reverberation meas- 
4 tandom-noise generator whose spectrum 
quency. A third-octave-band filter follow- 
for is tuned to the desired frequency of 


t, “Random Sound Field in Reverberation Cham- 


4 THE ACOUSTICAL SOCIETY OF AMERICA, 
ber 1959. 


I564-A OR 
1554-A SOUND 
AND VIBRATION 
ANALYZER 
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SWITCH 


AMPLIFIER 


70 Zz REVERBERATION TIME 
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WRITING SPEED = 20 INysEc 


(3 db OVERSHOOT) 
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Figure 5.5. Reverberation Time for 1/3-Octave Band 
of Noise at 500 cps. 


peaker is usually 
in a corner, where the maximum number of vibration 
modes are excited. 


The microphone should be Placed far away from 
the source to avoid excessive pickup of the incident 
sound wave. A microphone in a corner of the room is 
often ideal, since it will there pick up the maximum 
number of vibration modes. RheATyperi551" Sound. 
Level Meter includes an excellent microphone and am- 
plifier combination for this measurement. A third-octave 
or octave-band filter tuned to the source frequency used 
after the microphone amplifier will help to reduce back- 
gtound noise. If, for example, the ambient noise level 
in the room is 60 db, such a filter may reduce it to 40 
db or even lower in the filter band. This means 20 db 
less output required of the loudspeaker. Only one filter 


is necessary if a tape recorder is used (described later 
in this paragraph). 


1564-A OR 
1554-A SOUND 
AND VIBRATION 


ANALYZER 
173 OCTAVE 
BAND TUNED 


SPEAKER TO FREO fe 


Figure 5.6. Setup for Reverberation Measurements. 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


rain the fastest writing speeds (in db/sec), 
lb potentiometer and set the DAMPING con- 
4 db overshoot. 

he random-noise source, recorder, and other 
ave been turned on, the measurement is per- 
llows: 

t the recorder pen, using the INPUT AT- 
J and CAL controls, so that the ambient 
is at the O-db end of the chart for the 80-db 
r, just off scale for the 40-db potentiometer. 
t the noise source for a 40- to 60-db level 
nt as indicated on the recorder paper. 

on the recorder chart drive, set for maximum 


off the noise source, using the switch shown 


6. 


the decay rate from the chart in the follow- 
see Figure 5.4): 
ze the slope with a line drawn on the chart 


the decay in sound level for a convenient 
ime (1 sec, 0.5 sec, 0.2 sec). 

oldte to find the decay in level for 1 second. 
decay rate in db per second. 

reverberation time from the chart in the fol- 
er (see Figure 5.5): : 
ge the slope with a line drawn on the chart 
nd the line from 0 to 60 db. 

the time interval for this 60-db change in 
on the horizontal scale. For the fast paper 
div/sec), one division equals 0.2 second. 


ield use, sound decay can be recorded with 
ape recorder, and later played back into the 
el recorder. Only one 1/3-octave-band filter 
| for this type of measurement, since the 
output filters are used at different times. 
5.7 for the measurement setup.) 


mphasis in the tape-recorder’ preamplifier 
eping the recording level low above 1 kc to 


ating the tape. Table 5.2 indicates the sug- 


tding level for various frequencies. 


VS-OCTAVE 
BAND TUNED 
TO FREQ fp 


1564-A OR 
1554-A SOUND 
AND VIBRATION 
ANALYZER *1 
173 OCTAVE BANO TUNED 
TO FREQUENCY fo* 


RECORDER 


TABLE 5.2 
TAPE-RECORDING LEVEL 
FOR REVERBERATION-TIME MEASUREMENTS 


Recording Level (VU) 


less than 1 ke 


2 ke 


4ke 
6 ke 
8kc 


A multiple-speed recorder can be used to meas- 
ure decay rates much faster than 200 db per second, if 
the decay is recorded at the fast tape speed and played 
back at a slower speed. The filter following the tape 
recorder should then be tuned to a fraction of the source 
frequency, f,, corresponding to the amount the speed 
was reduced. This also permits the observation of many 
irregularities occurring in the decay that might other- 
wise be filtered out by the recorder. Some two-channel 
tape recorders permit even greater portability, since the 
noise source can be prerecorded on one channel, obvi- 
ating the presence of generator and filter at the scene 
of measurement. 


~5.6 VU RECORDINGS. By definition, the only accu- 


rate method of measuring VU of a complex waveform is 
with a VU meter. Any other device, such as a level re- 
corder, should be recognized as providing only an ap- 
proximation. 


The ballistics of a VU meter and of a level re- 
corder are different. If a sinusoidal voltage giving ref- 
erence deflection is suddenly applied to a VU meter, the 
meter pointer will reach 99 percent of the reference de- 
flection in 0.3 second.! The meter scale, however, is 


lene Standards on American Recommended Practice for Volume 
Measurements of Electrical Speech and Program Waves”, 1953, PRO- 
CEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, Vol 42, 
No. 5, May 1954. 


TAPE 
RECORDER 


Figure 5.7. Setup for Portable 
Reverberation Measurements. 
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GENERAL RADIO COMPANY 


TABLE 5.3 
RISTICS FOR VU MEASUREMENT 


sristics 
flection 


Writing Speed 


20-db pot 


ity db/sec 


31 50 db/sec = | 30 db/sec = 
34 10 in./sec 3 in./sec. 
39 

46 100 db/sec = 
58 10 in./sec. 
77 100 db/sec = | 200 db/sec = 


10 in./sec. 20 in./sec. 


in db per second is not constant. . 


n the other hand, has a speed con- 
nd. If the level recorder is to ap- 
of a VU meter, therefore, its writ- 
set to correspond to the VU meter 
VU value to be measured (refer to 
erred region for measurement on a 
to +3 VU. To correspond in this 
writing speed should be set to 10 
potentiometer, or 3 in./sec for the 


potentiometer will depend upon the 
ntered. In this respect, a level re- 
than a VU meter, since it will also 
» level. Thus more than 20 db of 
inge of a VU meter) may be useful. 


used in the recorder and in the VU 
lar. That in the recorder is an rms 
VU meter an average-reading de- 
e is 1 db for noise, square waves 
on. 


“SPONSE MEASUREMENTS USING 
“FREQUENCY GENERATOR. The 
of transducers and electrical de- 
ically plotted with the recorder and 
fequency Generator (refer to para- 
5.8 and 5.9 show examples. 


lus a New Look for the Sound-Level Meter”, 
RADIO EXPERIMENTER, October 1958, 


5.8 FREQUENCY RESPONSE MEASUREMENTS OF. 
PHONOGRAPH REPRODUCERS.2 Automatic frequency 
response measurements of stereophonic phonograph car- 
tridges are made possible by use of the Type STR 100 
Stereophonic Frequency Test Record produced by CBS 
Laboratories. This record has a frequency-swept band 
recorded from the output of a Type 1304-B Beat-Fre- 
quency Audio Generator driven by a Type 1521-A Re- 
corder. The swept band is recorded first on one channel, 


then on the second channel. ‘Thus a recorded frequency 
response of a given channel can be made. If the recorder 
remains connected to this channel, the second frequency 
swept band gives a measurement of the cross talk be- 


tween the two channels versus the frequency. 


5.9 CONSTANT SOUND-PRESSURE LEVEL. The servo 
system of the Type 1521-A Graphic Level Recorder can 
be used to control sound-pressure level or voltage to 
obtain flat frequency. response. Such control is useful 
in a number of applications, including, for example, 


microphone calibration. 


A convenient méthod of microphone calibration 
uses a source of sound level that is flat with frequency 
at the location of a microphone to be tested. This is 
difficult even with a very good loudspeaker and anechoic 
chamber. However, if two microphones are placed side 
by side in an anechoic chamber, the Type 1521-A Graph- 
ic Level Recorder will control the sound level to the 
reference microphone to within 1/4 db of the frequency 
response of this microphone. The dynamic range of the 
control is limited only by the potentiometer used, a 40- 
db potentiometer covering most applications. A con- 
denser microphone should be used as the reference, 
since the degree of flatness of sound-pressure level 
with frequency is only as good as the microphone. The | 
microphone under test is placed next to the reference 
microphone in an anechoic chamber, so that the sound- 
pressure level will be constant with frequency in the 
immediate vicinity of the reference microphone. The 
output of the test microphone is then recorded on a sep- 
arate recorder as the frequency is swept, the resulting 
plot being the frequency response of the microphone. 
Figure 5.10 shows recordings of a microphone calibra- 
tion made in the frequency range from 70 cpsto 1 kc. | 


This method of microphone calibration is not per- 
fect, however. At frequencies above 1 kc the second 
microphone placed near the reference microphone dis- 


 2F or complete details refer to“ Automatic Measurement of Phonograph 
Reproducers” , by B. B. Bauer, General Radio Experimenter, J anuary- 
February 1962, obtainable upon request. 
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MANUFACTURED 
GENERAL RADIO COMPANY, WEST CONCORD, MASS. 
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GRAPHIC LEVEL RECORDER: 
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Figure 5.8. Recording of Frequency Response of a Public-Address System 
Taken with (A) 20 in./sec and (B) 3 in./sec Writing Speeds. 
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Figure 5.9. Recording of Transmission Charsctaristie’s of an Adjustable 
Notch Filter for Four Different Frequency Settings. 


29 


‘ 
9 rl 
7h nig m 
we a 4) 
es > i eae 
\ 5.4) 8 
‘ 4 a 
3 r > 
a 1 As pla erin 
4 vhomte> a i 
- @ 
cavascuenesenues pedawe: 


mel | 


Se i pteree area tee 


om ee 
os ”~ 3 = ae anes y- Sa een ne Ie Ss ; : ‘ins ; 
t aT ia ; » ce ets i ars 
rie vf ies : Pr 
TY - Gays ad 2 
~ 
‘ i, = 
. ‘er, 4 
* oe : 
~ 
y , | ; 
Y i Ms - 
= i P *h P 
= wld ip devh-geyo ™ i 2 ie 
’ - ad J hay 
+. - ry 5 a ‘4 er. 
“ 48) 1°. aoe ae 
. he a oe i ; 
: z F ih) 
* id iv 
’ ves a * manne ‘ 


a alien aaa ind aa arr test 


anscgr ele (ae 


Mita? lhc ele r) ‘ < catallid 
2bang’ eal aa yarn bes 9 


As. 
ee 
seur es e2 
r 7 ik - aaial ‘a 
Tok o ty j 
ia’ 
+ 


} eth 
vie 1 
Ee : AL Sel Wa ae Ap 
o *, ci, Spe 4] ah : 
abs aE pth 
V4 : 4 
c af ‘ 
re = MP et 
= ry) ‘ I 
ay Te . oe oe 
ce , 2 : 


100% 
A ding 

bs we" Lee teed oa 
. 4 1 

Saat - a a oe eet! 


at 
2 
9 
~ 
' 
- fox 
ts aw 
on 
i. 


eeooeeee ee 
i L | 

"ED = 10 IN/SEC * + 
) = 10 DiV/MIN 


WRITING SPEED = 3 IN/SEC 
c ae : - PAPER SPEED = 10 DIV/MIN 


© 
[o) 


ith Frequency Ph Eek 


oo 
°o 


D8 (re 0.0002 MICROBAR) 
oo 
Pr : 


i 


SOUND PRESSURE LEVEL 


t 


160g 


(LES PER, SECOND 


Ceoeeecceoveses 


SOUND LEVEL CONSTANT t03db 


Ce ee) 


(B) Sound level incident to reference 
microohone after control. 
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ure 5.10. Use of Recorder to Control Sound Level for Microphone Calibration. 


d incident to the reference micro- 
a. A loudspeaker that is reasonably 
and a very small reference micro- 
s effect. 

measurement is shown in Figure 
described in Table 5.4. In order to 
recorder servo controls the sound 
| paragraph 1.2. The recorder servo 
1€ ac amplifier at a constant level 
ed). When the level changes, the 
potentiometer arm until the voltage 
1. If the servo loop is broken be- 
ster arm and the ac amplifier, and 
inserted as shown in Figure 5.11, 
1 still maintain the constant level 
Thus the action is as follows: 


licrophone converts sound-pressure 
hich must be attenuated to 1 milli- 
ound pressure level. This voltage 
of the ac amplifier on the recorder. 
put is not at 1 millivolt (i.e., if the 
_is not constant), the servo re- 


positions the potentiometer arm to change the input to 
the sound source, the loudspeaker. Previously the re- 
corder servo held the input to the ac amplifier at a con- 
stant level; now the sound level incident to a reference 
microphone is held at a constant level. The resulting 
plot obtained during this control will be the frequency 
tesponse of the source at the reference microphone. 


The procedure for obtaining constant sound pres- 
sure level is as follows: 


a. Disconnect the jumper between points 102 and 
103 on the etched board. 


b. Connect the system as shown in Figure 5.11, using 
the equipment described in Table 5.4. Shielded leads 
should be used, except from the power amplifier output 
to the loudspeaker. 

c. Adjust the oscillator output to about 50 mv. At 
higher voltages, capacitive coupling into the ac ampli- 
fier becomes intolerable. 

d. Turn Recorder No. 1 on. Increase the amplifier 
gain between point 102 and the loudspeaker until the 
pen moves upscale (away from 0 db). A fast writing 


TABLE 5.4 
YUIPMENT NEEDED TO PROVIDE CONSTANT SOUND PRESSURE LEVEL 


raphic Level Recorder 


B Drive Unit 
Link Unit 


id Power Amplifier 


30 


Description 
ES SED 


Recorder No. 1 in Figure 5.11, with 20- or 40-db potentiometer. 
Couples Type 1304-B to Recorder chart drive. 


Provides 10 watts undistorted output power for 50 mv input. 
Hum and noise must be at least 60 db below full output. 
Example: Type 1233-A Power Amplifier, with preamplifier 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


TABLE 5.4 (Continued) 


gain of 4. Output impedance should be’ matched to’ loud= 
speaker with transformer. 


Equipment 


eaker Produces low-distortion (below 3%) sound in frequency range 
of interest. Must handle maximum power from amplifier above. 


551-P1L Condenser Micro- 


System 


Reference microphone and preamplifier shown in Figure 5.11. 
ator Input impedance at least 10 k or above. Output impedance 

1 ke or less. Resistors are 5%, 1/2 watt rating. The output 
resistor (1 k) should be connected directly between points 103 
and 110 on the etched board, so that hum pickup will be low. 


304-B Beat-Frequency 
Senerator 


be used (10 or 20 in./sec) with a slow 
10 div/min). 

she attenuator after the microphone pream- 
CAL control on Recorder No. 1 until the 
i-pressure level is obtained. An attenu- 
after the Type 1551-P1L Condenser Micro- 
will give a sound level of about 100 db. 


1e oscillator through the desired frequency 
ng the gain of the amplifier between point 


oudspeaker or the oscillator level, if nec-: 


p the pen on the paper. Control is obtained 
pen is free to move. 


[ COMPARISON OF LEVELS. The recorder 
atio in db of two signal voltages, provided 
used as the reference is constant within 9 
) paragraph 5.9 for level changes greater 
1e action is as follows: 


the signal voltages to be compared is rec- 


»d as the reference voltage in the recorder.: 


nal voltage is applied to the input of the re- 
ecorder will then plot the ratio of the two 
2 one signal is compared with the reference 


PREAMP 
WITH GAIN 


CONTROL Behe 


POWER | 
AMPLIFIER 
(55I-PIL 


COND MIC SYSTEM 


REFERENCE 
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voltage (the other signal, rectified). The accuracy of 
this plot will depend on the variation in the reference 
voltage. The extent of the correction for variation in the 
reference voltage can be seen from Table 5.5. 


One example of this comparison is the frequency 
response measurement of a loudspeaker where the output 
of the Type 1304-B Beat-Frequency Generator is fed 
through a power amplifier to the loudspeaker. If the fre- 
quency response of the power amplifier is not flat, cor- 
rection can be made by use of the power amplifier output 
as the voltage fed into the detector circuit (see Figure 
5.12). Note that this will not correct variations greater 
than 18 db. 


TABLE 5.5 
SOURCE LEVEL VARIATIONS 


Total Variation 
Source Level (db) 


Corresponding Variation 


of Recorder Pen (db) 


0.4 
0.2 
0.1 


* D105 and D106 disconnected from Circuit 


MICROPHONE | 
Q UNDER TEST 


ANECHOIC 
CHAMBER 


Figure 5.11. Setup for Microphone Calibration. 
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SENERAL RADIO COMPANY 


POWER 
AMPLIFIER 


tem Used to Measure Ratio 
as a Function of Frequency. 


‘uit used to convert the ac signal 
yltage is shown in Figure 5.13. 
iper between terminals 115 and 
rd. Connect the negative side of 
erminal 115 and the positive side 
ard (see Figure 5.12).° 

of the circuit as shown in Figure 
on: the input to the detector cir- 
> input to the recorder. 

| level of the loudspeaker as de- 
scillator or power-amplifier gain 


er between terminal 115 and TP4 


larity), adjust the attenuator until - 


2 is about 1 volt. 
OVERSHOOT control fully coun- 
the CREEP control fully clock- 
For maximum correction range 
solder diodes D105 and D106 from 
minals 113 and 114. (Otherwise a 
b would result in a low-frequency 
the dc reference level.) 
der and place the pen on scale 
ATTENUATION control. 
tor between the loudspeaker and 
r Circuit (See Figure 5.12) over a 
n€S Not move significantly. Set 
at midpoint to ensure the maxi- 


able going to the recorder input 
as shown in Figure 5.12. 


9.13. Detector Circuit Diagram. 


speaker input voltage. 


5.11 FREQUENCY ANALYSIS. Frequency analysis of 
sound, vibration, noise, and other complex waveforms 
can be made with the Type 760-B Sound Analyzer, or 
the Type 1564-A or 1554-A Sound and Vibration Anal- 
yzer. In the measurements described in paragraphs 
5.2, 5.3, and 5.4, the analyzer can be placed between 
the Type 1551 Sound-Level Meter or Type 716-A Vibra- 
tion Meter and the recorder, thus analyzing the sound, 
vibration, or noise. 

To set the 0-db level, the complete frequency 
range should first be passed through the analyzer into 
the recorder. On the Type 1554-A, set the BANDWIDTH 
switch to ALL-PASS; on the Type 760-B, release all the 
frequency buttons. Set the analyzer gain so that the me- 
ter reads upscale (for maximum signal-to-noise ratio). 
The recorder can then be set to some arbitrary 0-db 
reference by means of the INPUT ATTENUATION and 


CAL controls. 
Before proceeding with the analysis, give careful 


consideration to the choice of weighting used on the 
Sound-Level Meter, which is discussed in the operating 
instructions for the Sound-Level Meter and, more fully, 
in the HANDBOOK OF NOISE MEASUREMENT, avail- 
able from General Radio Company. 

In the analysis, the maximum recorded level will 
be a little lower than the total level in the all-pass 
band. It may be desirable to use this maximum level as 
an arbitrary reference. The recorder pen can be set to 
this reference level by means of the INPUT ATTENU- 
ATION and CAL controls. : 

When noise is analyzed through narrow-band fil- 
ters (one octave or less), an error occurs in the quasi- 
rms detector circuit. This error is about -3 db at 25 cps, 
and decreases gradually with increasing frequency, be- 
coming negligible above 25 kc. This error can be re- 
moved by the addition of l-uf capacitors in parallel 
with C121 and C122. These capacitors will affect the 
servo bandwidth and transient response in the fast writ- 
‘ing speeds (20 and 10 in./sec); however, the slower 
speeds are generally preferred in this measurement. 


40urF ' 
5Ov 6.8K 


AC INPUT 
APPROX. 0.6¥ rms 
+9db 

DC OUT 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


Section 6 


SERVICE AND MAINTENANCE 


ERAL. We warrant that each new instrument 
is free from defects in material and workman- 
that, properly used, it will perform in full 
e with applicable specifications for a period 
ars after original shipment. Any instrument 
ent that is found within the two-year period 
et these standards after examination by our 
istrict office, or authorized repair agency per- 
rill be repaired, or, at our option, replaced 
large, except for tubes or batteries that have 
ial service. 
1e two-year warranty stated above attests the 
materials and workmanship in our products. 
iculties do occur, our service engineers will 
any way possible. If the difficulty cannot be 
| by use of the following service instructions, 
ite or phone our Service Department (see rear 
iving full information of the trouble and of 
2n to remedy it. Be sure to mention the type 
numbers of the instrument. 
fore returning an instrument to General Radio 
e, please write to our Service Department or 
istrict office, requesting a Returned Material 
2 of this tag will ensure proper handling and 
ion. For instruments not covered by the war- 
surchase order should be forwarded to avoid 
ry delay. 
NING AND LUBRICATION. 


TOR. The lubrication port on the top of the 
sealed by a small screw. Remove this screw 
20 drops of oil every three months. Recom- 
ibricants are Stanoil No. 35 (Standard Oil Co. 
) and Gulfcrest C (Gulf Oil Co.). 


AR BOX. The gear box should not be lubri- 
jt will collect dirt and cause noisy operation. 
ating bearings are used with moving parts 
- the recorder. 


IDE ROD. The guide rod on which the coil as- 
des should be cleaned with a clean soft dry 
nsure maximum writing-speed capability. Under 
on should it be oiled. 


TENTIOMETER. Clean and lubricate the po- 
rr monthly with NO-OX, supplied with the po- 
. Brush a small amount on the track and wipe 
. a clean, lint-free cloth. Apply a second coat 
ation. If operation of the pen with constant- 


level input becomes noisy, the potentiometer needs 
cleaning. 


6.2.5 PEN. Ink should not be left in the pen for more 
than two days, or it will dry and clog the pen. 

To clean the pen, first shake the ink from the 
reservoir. Fill the pen with water and remove the re- 
maining ink from the capillary tube by running the point 
along an absorbant paper towel or tissue. If ink clogs 


the point, remove the ink with the cleaning wires pro- 
vided. 


6.3 OVERSHOOT AND CREEP ADJUSTMENTS. 


6.3.1 GENERAL. The overshoot and creep controls 
are set at the factory and should not normally require 
adjustment, except possibly when an 80-db. potentiom- 


_ eter is used or when the DAMPING control setting is 


changed appreciably. 


6.3.2 OVERSHOOT ADJUSTMENT. With the 40-db po- 
tentiometer installed, and with the writing speed set at 
20 in.,’sec, proceed as follows: 

a. Apply a constant-level input to the recorder IN- 
PUT terminals, and set the pen near the top of the scale. 

b. Using either the recorder’s INPUT ATTENU- 
ATION control or preferably, an external attenuator, 
quickly decrease the level 20 db, and observe the a- 
mount of overshoot. 

c. Adjust the DAMPING control for the amount of 
overshoot desired (1 division, 1 db on the 40-db po- 
tentiometer, is recommended). 

d. Turn the CREEP control fully clockwise. 

e. Using an attenuator as in step b, quickly increase 
the level 20 db, and observe the amount of overshoot. 

f. Adjust the OVERSHOOT control so that the over- 
shoot observed in step e equals that achieved in step c. 

The above procedure may be followed with a 80-db 
potentiometer used in place of the 40-db unit. For 20-db 
potentiometers, first make the adjustments in paragraphs 
6.3.2 and 6.3.3, using a 40-db potentiometer, and then 
adjust the DAMPING control for the desired overshoot 
(1'2 db recommended) with the 20-db potentiometer. 


6.3.3 CREEP ADJUSTMENT. With the 40-db potenti- 
ometer installed, and with the writing speed set at 10 
in. ‘sec, proceed as follows: 
a. Apply a constant-level input to the recorder INPUT 
terminals, and set the pen near the bottom of the scale. 
b. Using either the recorder’s INPUT ATTENUATION 
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GENERAL RADIO COMPANY 


bly, an external attenuator, quickly in- 


0 db ,and observe the amount of creep. 


y return of the pen to its steady-state 
oot or undershoot. Adjust the CREEP 
creep. 

heck on overshoot and creep, set the 
0 in. ‘sec, and switch in 20-db attenu- 
ving that the overshoot is symmetrical 
decreases in both directions, and that 
turns to its steady-state value. 


IOOTING PROCEDURE. The follow- 
quired: 
ohms/’volt Oscilloscope 


Sine-wave oscillator 


der is inoperative, the most straight- 
sating the trouble is to apply a known 
UT terminals and trace it through to 
ssembly. The procedure is as follows: 
olt, 1-kc signal to the INPUT termi- 
is 

> potentiometer installed, set the IN- 
[ON control to 40 db. The pen should 
midscale. If it does not, proceed to 


mput to the ac amplifier is 1 mv (refer 
To apply 1 mv to the ac amplifier, 
INPUT terminals, set the INPUT AT- 


TENUATION switch to 60 db. Then move the pen to 0 
db (as marked on the potentiometer). 


d. Connect a de voltmeter (20,000 ohms.’volt) to the 
output of the detector, as follows: Connect the positive 
voltmeter lead to TP4 and the negative lead to ter- 
minal 114. The voltmeter should indicate 1 volt. If not, 
check the output of the ac amplifier by connecting an 
oscilloscope to TP1 on the etched board. The signal at 
TP1 should be 0.5 volt peak-to-peak, and of the same 
frequency as the input signal. If the frequency is 60 
cycles, check the grounding of the low INPUT terminai 
to the chassis, and make sure that the chassis is con- 
nected to a suitable external ground (refer to paragraph 
22137): i 
lectors of the preceding transistor stages to isolate the 
faulty transistor. 


If there is no signal present, check the col- 


e. If 1 volt is present at the detector output and the 
pen still does not respond, one of the transistors in the 
dc amplifier may be at fault. Check the voltages in the 
dc amplifier against those given in Table 6.2. The 
transistors in the dc amplifier are matched for de char- 
acteristics, and some selection may be required to find 
an acceptable substitute. With a satisfactory replace- 
ment, the pen will not move as the WRITING SPEED 
control is switched from 3 to 1 in./sec. 


The following tables lists other common troubles 
and their remedies. (Refer to Figure 6.2.) 


TABLE 6.1 
TROUBLE-SHOOTING CHART 


‘Substitute higher-h,.transistor in ac amplifier (Q102, ©105). 


Symptom 


1, ac amplifier. Unable to get 
sitivity of 1 mv. 


peration of pen with constant- 
ut signal. 


trical waveform and overshoot. 


Clean potentiometer. (Refer to paragraph 6.2.4.) 


First adjust for symmetrical overshoot (refer to paragraph 


6.3). If this does not solve the problem, transistor pairs 
Q110, Q111 and 0112, Q113 may not be matched in cur- 
rent gain, hy. (Refer to Table 6.3 for replacement.) 


on of Pen. 


Increase DAMPING (clockwise). 


Check resistance of feedback coil. (Refer to Table 6.2.) 


Check to see that wires for drive coil and feedback coil 


are connected properly. 


i¢ accuracy. Large region 
rvo will not balance. 


on drive coil. 


Check current gain of transistors in de amplifier. Replace 
transistors if necessary. (Refer to Table 6.3.) 


Check resistance of drive coil (refer to Table 6.2). 


Check transistors in de amplifier. Replace, if necessary 


+ (refer to Table 6.3). 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


RVICE PROBLEMS. The following serv- (2) Other mechanical problems in the gear box or 
ould be referred to the factory: _ drum and chart drive mechanism. 

ment of parts on magnetic assembly (see 

cluding potentiometer contact and drive (3) Electronic problems other than those listed in 
>xcept pen holder). the trouble-shooting section. 


TABLE 6.2. DC VOLTAGE AND RESISTANCE CHART 


its DC ff 


5 
| Q103 | 
P4 


6 AT127 


TP4-AT113 Measure voltage with 20,000 ohm/volt 


0. 
2: 
Q105 5 
ae TP4-ATI14 meter, to ground unless otherwise indicated. 
Q107 TP4-AT116 *Transistor mounting orientation on etched board: 
- E 

23 
3 


Q108 col. Q] 1 solder dot B 


3 
a1 | 16 reel 2—]—3 rer callectr 4c 
LAL] Saae **Voltages with pen at rest and 1 volt at detecto 
CCC ee output. 
Cree ae ***F irst unscrew and remove wires | through 5, 


Figure 6.1. 
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Figure 6.1. Bottom View. 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


PARTS 


PART NO. (NOTE A) 


RESISTORS. All resistances are in ohms, 
except k = kilohms, M = megohms 


REF-75 
REF-70 
REF-70 
REF-60 
REF-70 
REF-60 
REF-70 
REF-60 
REF-70 
REF-60 
REF-65 
REF-60 
1521-P1 
1521-P2 
1521-P3 
1521-P4-200* 
REC-20BF* 
POSC-11* 
REC-20BF* 
REC-20BF * 
POSC-11* 
REC-20BF 
POSC- 18 
POSW-3 
REC-20BF 
REC-20BF 
REPO-44 
REC-20BF 
REPO-43 
REPO-44 
REPO-44 
REC-41BF 
REC-30BF 
REC-20BF* 
REC-20BF* 
REC-20BF 


REC-20B F 
REC-20BF 
REC-20BF 
REC-20BF 
REC-20BF 
REC-20BF 
REC-20BF 
REC-20BF 
REC-20BF 
REC-20BF 
REC-20BF 
REC-20BF 
REC-20BF 
REC-20BF 
REC-20BF 


REC-20BF 
REC-20BF 


R118 
R119 
R120 
R121 
R122 
R123 
R124 


‘R125 


12 k 
1.5 k 


+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+10% 
+ 5% 
+10% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 
+ 5% 


£10% 


t+ 5% 
+ 5% 
+ 5% 
+ 5% 
t+ 5% 
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LIST 
PART NO. (NOTE A) 
CAPACITORS. Capacitances are in Lf 
| unless otherwise indicated. 
1/2w REC-20BF 220 vac MOD-26-2 
1/2 w REC-20BF 
1/2w REC-20BF 50 dewvy COE-58 
1/2 w REC-20BF 
1/2 w REC-20BF 
1/2 w REC-20BF 50 dewy COE-58 
1/2 w REC-20BF 
1/2 w REC-20BF 
1/2 w REC-20BF 150 dewy COE-38 
1/2 w REC-20BF 
1/2 w REC-20BF 500 dewy COC-21INPO 
V/2w REC-20BF +10% 500 dewy COC-2INPO 
1/2 w REC-20BF 1000 dewy COC-63 
1/2 w REC-20BF 1000 dewy COC-63 
V/2w REC-20BF +10%  100dcewy COW-17 
1/2 w REC-20BF 50 dewy COE-57 
1/2w REC-20BF 50 dewy COE-57 
1/2 w REC-20BF 
1/2 w REC-20BF 50 dcwvy. COE-57 
POSC-11 

1//2w REC-20BF 15 dewy COE-46 

_ POSC-11 +10%  100dewy COW-17 
1/2w REC-20BF 25 dewv COE-35 
1/2 w REC-20BF +10% 100 dcewy COW-17 
1/2 w REC-20BF 25 dewv COE-47 
1/2 w REC-20BF 50 dewv COE-57 
1/2 w REC-20BF 15 dewv COE-46 
1/2w REC-20BF 25 dewy COE-35 
A/2w REC-20BF 25 dewy COE-35 
1/2w REC-20BF +2% 100dewv CON-5E 
1/2w REC-20BF +10% 100 dewvy COW-17 
1/2 w REC-20BF 50 dewy COE-48 
1/2w REC-20BF 50 dewv COE-48 
1/2w REC-20BF 50 dewy COE-57 
1/2 w REC-20BF 50 dewy COE-57 
1/2 w REC-20BF +10% 100 dewy COW-17 
1/2 w REC-20BF 410%  100dcewv COW-17 
1/2w REC-20BF +10% 100 dewy. COW-17 
1/2 w REC-20BF 410% 100 dewv COW-17 
1/2 w REC-20BF +10% 100 dewy COW-17 
1/2w REC-20BF +10% 100 dcewy COW-17 
1/2 w REC-20BF 25 dewy COE-48 
1/2 w REC-20BF 410% 100 dcewy COW-17 
1/2w REC-20BF +10% 100 dewvy COW-17 
1/2 w REC-20BF 410% 100 dcewv COP-24 
1/2 w REC-20BF 
1/2 w REC-20BF 
1/2w REC-20BF 
1/2 w REC-20BF = 

POSC-11 2RE-1001/1N3253 |] D105 2RED-1016/1N645 

1/2w REC-20BF 2RE-1001/1N3253 |] D106 2RED-1016/1N645 
1/2w REC-20BF 2RED-1008/1N191]} D107 2REZ-1009/1N957B 
1/2 w REC-20BF 2RED-1008/1N191{] D108 2RED-1016/1N645 
1/2w REC-20BF 2RED-1008/1N191]} D109 2RED-1016/1N645 
172w REC-20BF 2RED-1008/1N191 
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TYPE 1521-A GRAPHIC LEVEL RECORDER 


PARTS @iIST = (Gont } 


FUSES | TRANSISTORS (NOTE B) | NOTES: 


(115 v) 0.5 amp Slo Blo FUF-1 TR-1/2N169A 
(230 v) 0.25 amp Slo Blo FUF-1 TR-21/2N338 
t 


(A) Type designations for resistors and 
capacitors are as follows: 


(115 v) 0.5 amp Slo Blo FUF-1 
(230 v) 0.25 amp Slo Blo FUF-1 


TR-21/2N338 
TR-21/2N338 
TR-21/2N338 


COC - Capacitor, ceramic 
COE - Capacitor, electrolytic 


Part of Type 1521-P4. 
TR-3/2N176 OD hee ean 


TR-1/2N169A 
TR-1/2N169A. 
TR-1/2N169A 
TR-1/2N169A 
TR-1/2N169A 
TR-1/2N169A 


SWT-323NP 
1521-P 10-44 (NOTE C) 
$8 1521-P 10-44 (NOTE C) 


MOTOR TR-8/2N 1372 p : : 
TR-8/2N1372 COM Capacitor, mica 
COW - Capacitor, wax 
1521-211-2 TR-8/2N 1372 POSC - Potentiometer, composition 
TR-8/2N 1372 POSW - Potenti ; q 
TR-1/2N169A - Fotentiometer, wire-woun 
PILOT LAMPS REC - Resistor, composition 
‘ REF - Resistor, film 
Mazda Type 44 2LAP-939 ace: REPO - Resistor, power 
Mazda Type 44 2LAP-939 $1 SWRW- 189 Transistor number following /, indicates 
TRANSISTORS (NOTE B) e pA diode or transistor replacement number. 
TR-3/2N176 $4 SWRW-192 Part of Type 1521-P10 or 1521-P11. 
TR-3/2N176 $5 SWT-333NP 
$6 
$7 
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SWITCH ENGRAVING 
INPUT ATTENUATION 
CH 


DECIBELS 
aM 208 40g, WRITING SPEED 
40 20 o” PA “ee INCHES/ SECOND 
50 A in pew 

4/IO 
INPUT 
vze 109R 
J3O 


OR 115v OPERATION CONNECT 


/TO #3, #2 70 #4 aaD 4 
OR 230v OPERATION CONNECT co 
2 TO #3 7 Sy 


TORS I/2WATT UNLESS OTHERWI. 
STANCE /N OHMS UNLESS OTHERWI. 


SITANCE VALUES ONE 8 OVER IN 
IFARADS, LESS THAN ONE IN MICR 
SS OTHERWISE SPECIFIED 71, #8 


CREWORIVER ADJUSTMENT 
NOB ADJUSTMENT 

GNAL GND ON ETCHED BOARD 
LASSIS 


1521 - PIO 
DRIVE UNIT 


MBDST 
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INPUT ATTENUATION SWITCH ENGRAVING 


DECIBELS 


a 30 ‘i 204 40% WRITING SPEED CHART DRIVE 
4 2 o” % INCHES/ SECOND OFF 
50 10 % oh ety a 
/ ; 20 REV FWD 
60 ° e \ z 
4/@ 
a” ’ 
ruPUT ATTENUATOR A-o AMPLIFIER 
v2 6 109R 107R 2/0OR 209R WH-GY-8R “ 
R7 Ril we Degree (EA 13A 
/9.6K 22.6K 
1/4W 
v3 pe ; 
R2 R4 RE RB RIO | Riz [r= ) ae 
30.1K 28.7K | 28.7K | 28.7k | 28.7K | 2/.5K Il re 
//8W | 1/8W //8W //8W 1/8W I BK 
—— | | RO A = Bp /0/ 
2058 C7 206F Il l2 102 
0° © ces J 22 I : ; C108 RII! 
704R e 207R e iil ae : 47 10K 
WR aR zorr III | 
Ml -ysereeh ee 
s/ J on all 92,705 poTENTIOMETER) or caale 'B." 
1521-P2 | 
(40d POTENTIOMETER) | 
/52/-P3 | 
(80db POTENTIOMETER) 5R 
104 205F 
\/ 
$2 
D-C REFERENCE VOLTAGE D-C AMPLIFIER RISZ 
DETECTOR LIMITER =. 
RIS] RIS4 RI55 
® t+ 18K “29 cl23 cl24 /OK 1OK 
cng — 0.1 47 Ol 
sa RI70 Bi. 
a rn 6.8K . 20126 
/2K ~\ 208F. ” e N) Ol 
2076 yf e ry { 
206F Coie 4 
6 T 77R 120 | 
@>—- RI4I Ries ma cr30 ; nee 
ozo 240 : 0.022 ‘. : a SS SS = 
ae OVERSHOOT @ : yeah FEEDBACK | 5, 707R 
$2, 203F COIL RI59 
Hebe ‘ap pa srize | * + 820 
18K pith 
her r 
: el 
| I Se 2 
| 102R 
| |! SZ “101R DIOg 
afi ° 
Hi} 
<> 418 
437 sor 
<o 106 
41) TO EMITTER @ POWER SUPPLY 
DI 
OF Q/0/ z 
: RIG2 
s fee >. /00 “a WHGN- BK q 
109 TI, #10 
(= or4 Y¢) 
J6 +| C4 +|c2 
| Pe Ac 'SOUF =A cx $00UE wh 16V 
| 2. O 75yF 80 200y /OW 
| 5 tél Ca 75nP C 6 200pF = 
| | PL2 S02 é c3 
iy al ioe Ac 400uF D2 
go | a ea ite RIGS ! §| 226 BO 200uF 
Ti FOR 1/5v OPERATION CONNECT am I ed aa Ua Poss a 2) 356 eens ee | 2 
#/TO#S, #2 TO #4 3 4\@afis <'ofh Hy) /00 T/,#9 
FOR 230v OPERATION CONNECT l mefie <ohh 
#270 #3 RIS RIS nec | TO 13A z 115 OF 
RESISTORS 1/2 WATT UNLESS OTHERWISE SPECIFIED | 75K a2 Qo! 5 é 
RESISTANCE IN OHMS UNLESS OTHERWISE SPECIFIED mn : “ae as : ayes 
CAPACITANCE VALUES ONE 8 OVER IN MICRO | Be | ly 
MICROFARADS, LESS THAN ONE IN MICROFARADS, ers aa 
UNLESS OTHERWISE SPECIFIED eemee Cc LINEAR POT | He 
@) SCREWDRIVER ADJUSTMENT _ | 3 
CO) KNOB ADJUSTMENT : 
<7 SIGNAL GND ON ETCHED BOARD : 
teeing! (S21 - PIO 
"3 Figure 6.2. Schematic Diagram. : 3 DRIVE UNIT : 
MBDST ; 
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